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Short-horned grasshoppers (Orthoptera: Acrididae) were studied in the field as 
well as in laboratory for their distribution, identification, preferred food plants and 
feeding damage. These grasshoppers are important potential pests of rangelands where 
they compete for forage with cattle. Examination of the 20 most common grasshoppers 
by levels 3 and 4 of Nebraska ecoregions revealed specific habitat use and may be helpful 
in predicting hotspots. The relative abundance of all species analyzed showed at least 
some significant differences at ecoregion level 4 and two species showed single 
ecoregion that differed from all others at level 3.   
Grasshoppers belonging to subfamilies Melanoplinae, Gomphocerinae and 
Oedipodinae differ in biology and ecology, and were tested in a greenhouse experiment 
for feeding preference on switchgrass cultivars (Shawnee, Kanlow) and big bluestem. 
The data indicated a strong preference of Melanoplus differentialis for switchgrass (P 
≤0.001). Melanoplus femurrubrum and Arphia xanthoptera also preferred the Shawnee 
cultivar. Further, the relative water content of the plants influenced consumption by M. 
 
 
 
 
differentialis which ate more healthy leaves than wilted leaves. The differences among 
grasshopper species suggested that Melanoplinae grasshoppers could become destructive 
pests of switchgrass fields. 
In addition to consumption, grasshoppers also cause feeding damage through 
vegetation clipping. Two grasshopper species were tested to quantify the amount of 
clippings at high, moderate and low moisture levels for little bluestem, 
Schizachyrium scoparium and buffalograss, Bouteloua dactyloides. All tested 
grasshopper species generated clippings. Relative water content of the grass affected the 
amount of clipping and differed by grasshopper and plant species. The results indicated 
that water content of the plant and species of grasshopper are important factors in 
damage. This study will aid in defining economic injury levels for rangeland grasshopper 
species. 
Two unidentified forms Melanoplus bowditchi ―frigidus‖ and Melanoplus 
bowditchi ―tridentatus‖ along with described subspecies of M. bowditchi were compared 
for morphological and genetic variations. No consistent differences among the aedeagal 
parameres or basal rings of the four forms were found.  Amplified Fragment Length 
Polymorphism markers (AFLP) were used to test the genetic variation among the forms. 
Although the forms show behavioral and minor morphological differences, the genetic 
data showed all forms interbreed. The results of this study indicate that host plants can 
influence phenotype and suggest the need for further genetic analysis of subspecies 
recognized based on morphology.
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Rangelands are dedicated to produce native forage for grazing animals. 
Rangelands are important habitats globally as well as in local biodiversity. Nearly 60 % 
of the lands in the world are covered by grasslands. In United States, the grasslands begin 
east of the Rocky Mountains. The grasslands of eastern Colorado, however, are not as 
rich as those further east because of lower rainfall. The grasslands of eastern plains of 
Colorado, Wyoming and Montana are recognized as the short-grass prairie. Snow and 
rainfall increases further east, thus short-grass prairie gives way to the tallgrass prairie of 
North and South Dakota, Nebraska and eastern Kansas (Chiras 2010). In Nebraska, the 
western prairie is mostly covered with tall bluestem grass covering much of the sandhills 
area. The panhandle portion of the state is covered with short, grama, and buffalograss. 
Sagebrush can also be found in this region. A mix of sand and short grasses covers the 
sandy plains of the southwestern parts of Nebraska. A majority of the rangelands in 
Nebraska are mainly grasslands that account for about 9.3 million hectares and are used 
mainly for forage and cattle grazing. Nebraska’s rangelands are naturally dynamic in 
their production, and potential returns by efficient management practices are high for 
livestock producers (Volesky et al. 1980).  
With the passage of time, the North American prairie ecosystem is being altered 
by the progress of agriculture (Bird et al. 1966). Rangelands consist of annual or 
perennial grasses and forbs (Mueggler and Stewart 1980).  The grazing time for all types 
of rangelands is variable. Some are grazed all year while others in summer, winter, fall or 
spring. The northern parts of United States have mostly cool season grasses while 
southern areas are dominated by C4 grasses. However, some areas have both types of 
grasses (Hewitt and Onsager 1983).  Irrespective of the type of grass, grasshoppers occur 
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in all types of rangeland. Grasshopper densities are of higher economic importance where 
annual precipitation does not exceed 60 cm (Hewitt and Onsager 1983).  
Beef production is the most valuable and persistent agriculture industry in 
Nebraska with approximately $7 billion in sales annually (Nebraska Studies 2000-2024). 
Beef accounted for 5.4 $ billion dollars in sales in 2002 compared to only $ 3.1 billion 
dollars in sales of all grains combined in the same year (Veneman et al. 2004). The 
western parts of Nebraska receive relatively less rainfall (Dow 1932) than eastern parts 
(Johnsgard 2001) and remain largely rangeland (Veneman et al. 2004). Because of 
relatively dry climate of western Nebraska, its vegetation is primarily grassland and is 
unsuitable for majority of row crops like maize and soybean. Thus western parts of the 
state are largely rangeland devoted for cattle production.   
Livestock grazing poses the most wide-ranging impact on natural ecosystems of 
western North America (Crumpacker 1984), and cattle grazing is ample in this region. 
Nearly 70% of the land in the 11 western states of United States is grazed by livestock 
(Longhurst et al. 1983). In the western United States, most of the federal lands have been 
used for grazing, including most of the areas of the U.S. Bureau of Land management 
(BLM) and U.S, Forest Service.  
Grasshoppers (Orthoptera: Acrididae) are notable native herbivores in the 
rangelands of western United States. Excessive feeding by insect herbivores makes 
rangeland potentially unsuitable for grazers. Feeding by insect herbivores disturbs plant 
physiology and nutritive composition. Replacing native plant species with introduced 
species also affect the overall health of rangelands (Gillespie and Kemp 1995). 
Grasshoppers are serious pest of rangeland in most of the western U.S. and cause losses 
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to forage (Hewitt and Onsager 1983).  In North America, some grasshopper species may 
occur both in row crops and rangelands. Among these, the most damaging species in both 
areas include Melanoplus sanguinipes (Fabricius), Melanoplus bivittatus (Say), 
Melanoplus packardii Scudder, and Camnula pellucida (Scudder) (Brooks 1958, 
Edwards 1964) 
A modification in prairie systems, either by human activities or natural processes 
is likely to bring changes in grasshopper species composition (Kemp et al. 1990).  The 
distribution and abundance of grasshoppers has been related to several factors including 
vegetation, temperature, precipitation and geographic area. Temperature and precipitation 
are important for plant growth, thus grasshoppers are also affected (Clark 1949) due to 
changes in plant conditions (Anderson and Wright 1952). 
It is critical to manage rangelands for the damaging effect of grasshoppers. 
Grasshoppers have been documented as economically important pests in the western U.S. 
(Pfadt 2002) that can consume about 21-23% of available forage (Hewitt and Onsager 
1983). Sometimes the damage to these rangelands and other crops is wide ranging 
(Hewitt and Onsager 1982).  Both crops and grasslands were severely impacted by 
grasshopper damage during late 1800s and early 1900s (Hewitt and Onsager 1983). 
Grasshoppers also occasionally compete with livestock and wildlife for forage (Hewitt 
1977, Hewitt and Onsager 1983). Humans also suffer competition with grasshoppers for 
food (Pfadt 1985). Although grasshoppers are abundant in tall grass prairie of North 
America, their damage is not as significant as in shortgrass prairies in western rangelands 
(Pfadt 1977). Many species of grasshoppers have been known to cause outbreaks in 
Nebraska (Hauke 1953). The economic damage caused by rangeland grasshoppers 
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requires prediction of population changes in damaging species. Controlling grasshopper 
populations for longer period of time is not obvious (Hewitt and Onsager 1983, Schell 
and Lockwood 1997) but short-term control was fruitful that enhanced the interest of 
researchers to study the biology of grasshoppers for long term control. 
Grasshopper Biology and Ecology 
 
In United States, more than 600 species of grasshoppers exist (Hewitt and 
Onsager 1983). However, only about a dozen species typically occur in high numbers and 
among these, one or more than one species is present in every rangeland (Hewitt 1977).  
Some grasshopper species like Hypochlora alba (Dodge) and Hesperotettix viridis 
(Thomas) are considered beneficial because of their feeding on unwanted plants (Hewitt 
and Onsager 1983), but many other rangeland grasshoppers species are considered 
destructive. Most grasshopper species have only one generation per year. Egg laying by 
most economically important grasshopper species starts in late summer. In the year 
following egg laying, hatching starts in late spring and early summer. The hatches of 
many species have been correlated with the blooming of certain plants (Hewitt and 
Onsager 1983). The hatching period for most species lasts several weeks. Aeropedellus 
clavatus (Thomas) is among the earliest species to hatch, while Phoetaliotes nebrascensis 
(Thomas) is among last to hatch (Hewitt and Onsager 1983). Most rangeland 
grasshoppers have 5 nymphal instars with nearly one week of each instar. Adults take 
about 1-2 weeks to become sexually mature and retain this ability for about 3 weeks in 
most species.  
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There are many mortality factors for the newly hatched nymphs. Early nymphal 
stages do not cause much damage to forage, while the later developmental stages have 
greater potential of forage consumption (Davis et al. 1992). Adults as well as fourth and 
fifth instars of grasshopper are important to seasonal growth of grasses because these 
stages are responsible for greater consumption and destruction of foliage (Hewitt 1979). 
For instance, in Montana, most growth of cool season grasses takes place when 
grasshoppers are in a stage where they can cause maximum damage to plant material 
(Hewitt 1979).  
Grasshopper densities decrease as they develop from nymphal stage to adult in 
summer. Higher temperatures appear to accelerate their developmental rates. Despite 
several factors being very important in the life cycle of grasshoppers, under ideal 
conditions grasshopper can live for up to 14-16 weeks after hatching. No consistent 
pattern and rate of forage consumption in grasshoppers has been found as these depend 
on grasshopper species, densities, life stage and synchrony with the forage growth 
(Onsager 1983).  
Feeding Preference 
   
Rangeland grasshopper species vary in their food specialization. Grasshoppers 
graze in a similar fashion to livestock, except that their feeding results in additional loss 
of foliage during which they cut the plant but do not consume all of it. The clipped 
foliage then becomes a part of litter on ground (Mitchell and Pfadt 1974). The 
economically important species, especially in their early instars, are likely to feed on 
grasses or behave as omnivores. However, there are species which prefer to feed on 
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certain groups of plants including Hesperotettix viridis, Hesperotettix alba,  and 
Hesperotettix speciosus (Scudder) (Mulkern et al. 1969, Joern 1983, Pfadt 2002, Sword et 
al. 2005) while some prefer grasses, some feed on forbs, and others are omnivorous 
(Mulkern 1967). Although H. viridis feeds on many forb species, they prefer snakeweed 
(Gutierrezia spp.) (Pfadt 2002). The subfamily Melanoplinae as a whole have broader 
diet breadth relative to Oedipodinae which are mostly grass feeders with narrow diet 
breadth while Gomphocerinae mostly feed on grasses and sedges (Craig et al. 1999). 
The damage caused by grasshoppers to forage increases with increasing 
developmental stages of grasshoppers (Hewitt 1978). Thus, the first two instars do not 
cause much damage because of their presence during the periods which are more 
favorable for plant growth. The third instar of grasshoppers is critical due to its 
noteworthy consumption when many of C3 grasses mature at the appearance of 3rd instar 
and consumption of foliage by grasshoppers restricts plant regrowth. However, third 
instars become less susceptible than early instars to various mortality factors (Hewitt 
1979). 
Host Specificity and Genetic Variation 
 
Many grasshopper species are polyphagous and feed on a number of plant species 
(Otte and Joern 1977).  Because of their polyphagy, most grasshopper populations do not 
experience a change in population genetics related to host shifts. There are some 
grasshopper species which have a limited host range, while a few are host specific (Otte 
and Joern 1977, Sword and Dopman 1999). Differences in developmental rates, 
prolonged existence, and size have been observed in host specific grasshoppers (Traxler 
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and Joern 1999). Among populations of few insect species host specific genetic variation 
has been observed (Prokopy et al. 1988). Grasshoppers H. viridis and Schistocera Lineata 
Scudder have been noted for their host associated genetic differences (Sword et al. 2005).  
The role of natural selection in promoting reproductive isolation is important and serves 
as a basis for speciation. A number of insect specialist herbivores are monophagous or 
feed on a number of closely related plant groups (Bernays 1998).  
Morphological studies have been used to study the taxonomic status of many 
insect species, but with the passage of time, recent advances in molecular techniques 
using mitochondrial DNA and DNA polymorphisms have contributed to the 
understanding of life history and speciation processes (Hoy 2004). DNA markers have 
been helpful in revealing the population genetics of a number of insect species (Reineke 
et al. 1998). Restriction Fragment Length Polymorphisms (RFLP) has been heavily used 
to study genetic diversity. Random Amplified Polymorphic DNA (RAPD), microsatellite 
(SSR) are some examples being used in genetic variation studies (Gocmen and Devran 
2002). Recently, Polymerase Chain Reaction (PCR) based Amplified Fragment Length 
Polymorphism (AFLPs) have been extensively used for genetic differentiation within and 
among populations (Vos et al. 1995). The polymerase chain reaction uses small amounts 
of DNA and makes thousands of copies. The AFLP method has the advantage over other 
techniques that it does not require prior knowledge of the specific sequences (Vos et al. 
1995). AFLP has been very useful comparing individuals and populations (Muller and 
Wolfenbarger 1999). This technique has the ability to detect point mutations, insertions, 
deletions, and other genetic arrangements. Several researchers have used this technique in 
grasshopper studies. Brust et al. (2010) used AFLP procedures in analyzing the M. 
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packardii species group. Tatsuta and Butlin (2001) used AFLP to study the interspecific 
genetic differentiation of grasshopper species. Sword et al. (2005) studied the snakeweed 
grasshopper, H. viridis for its host plant associated differentiation.  
Grasshopper Sampling 
 
There is no standard method for grasshopper sampling (Larson et al. 1999) and all 
methods produce different results. Among the various methods used for the estimation of 
grasshopper densities, sweep sampling is the most frequently used (Gardiner et al. 2005). 
Sampling should be done according to activity of the common species. Low and slow 
sampling is good for slow moving species and nymphs while high and fast sampling is 
suitable for more active grasshopper species. Ideally it is suggested that a mingling of 
both methods obtains the best results (Foster and Reuter, 1996-1999). 
In Nebraska, the method used by United States Department of Agriculture 
(USDA) to estimate grasshopper densities is the visual estimation method (USDA-
APHIS 2006). Because of estimation errors between surveyors, several authors suggest to 
either change this method or to use some alternate method for estimation (Legg et al. 
1996, Larson et al. 1999). Sweep sampling is the most common method used because of 
its low cost and quick assessment of densities captured (Larson et al. 1999). Sweep 
sampling gives a fairly accurate estimation of the grasshopper density (Evans et al. 1983, 
Larson et al. 1999). Similarly, sweep sampling is less labor intensive compared to quadrat 
sampling, ring estimations, pan trapping, night trapping and visual estimation (Legg et al. 
1996, Olfert and Weiss 2002). Despite the shortcomings of sweep net sampling (Foster 
and Reuter 1966-1999), it is still considered the best means by which to obtain generally 
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accurate estimates of grasshopper community composition (Mulkern et al. 1969, Evans et 
al. 1983, Larson et al. 1999) and the only cost effective way to get species level 
information. 
Grasshopper Damage 
 
Grasshoppers compete directly with livestock for available forage on 
approximately 269 million hectares of western rangelands. Many factors contribute to the 
intensity of the damage caused by rangeland grasshoppers. Similarly, the geographic 
variation in damage and yearly damage also depends on these factors. These factors 
include weather patterns, grasshopper species, and available plant species (Hewitt et al. 
1976). However, researchers (Morton 1936, Pepper et al. 1951, Anderson and wright 
1952, Nerney and Hamilton 1966, 1967) have measured the forage losses caused by 
rangeland grasshoppers based on their numbers, but measuring forage losses solely based 
on the number of grasshoppers was questioned by Anderson (1961) who raised the 
question of food preference in grasshopper species. Laboratory studies on grasshoppers 
species for food consumption had also been carried out by Parker (1930) and Smith 
(1959) but such laboratory studies are not always compatible for field conditions. 
Heavy grazing by grasshoppers has detrimental effects on the health of 
grasslands, which results in the loss of plants or portion of plants. The consequences of 
this loss appear in the form of reduced photosynthetic rates and inhibiting vegetative 
production (Burleson and Hewitt 1982). Hinkle (1938) and other researchers have 
documented the forage loss by grasshoppers in northern rangelands of Montana and 
Colorado. Less information is available about northern rangelands about grasshoppers in 
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relation to growth of plants, phenology and environmental factors. Hinkle (1938) found 
maximum forage consumption by grasshoppers occurred during peak period of grass 
production. Pfadt (1949) measured the damage to rangeland vegetation by known 
numbers of grasshoppers in cages and found that a number of 15 grasshopper /square 
yard cause a damage up to 66%. Rubtzov (1932) also conducted a cage study to measure 
grasshopper damage and found that 10 grasshopper/square yard ate about 275 kg of grass 
per acre. Langford (1930) measured leaf areas before and after feeding the grasshoppers 
and found that even the populations within same species vary in their daily consumption. 
Nerney (1957) used percentage of leaves and plant parts that were eaten by grasshoppers 
to measure the damage. Anderson and Wright (1952) did not use cages and measured 
grasshopper damage on a large field where they sprayed insecticide on half of the area 
while leaving the other half untreated and concluded that relying only on grasshopper 
numbers to evaluate losses is not valid unless the production of the grasses is considered 
(Anderson 1961). Vegetation density plays an important role in determining grasshopper 
density and distribution (Anderson 1964).  In Nebraska there are only about a dozen 
species which are economic pests including M. bivittatus, Melanoplus femurrubrum 
(DeGeer), Melanoplus differentialis (Thomas), and M. sanguinipes (Fabricius) (Hauke 
1953, Pfadt 2002, Brust 2008). Aulocara elliotti (Thomas), Eritettix simplex (Scudder), 
Mermeria bivittata (Serville), Trachyrhachys kiowa (Thomas), and Xanthippus corallipes 
(Haldeman) are also important, but their damage is comparatively less (Pfadt 2002). 
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Temperature and Precipitation 
 
Because of the threat posed by grasshoppers to rangeland forage, numerous 
studies have examined the factors responsible for triggering outbreaks. Temperature 
appears to play an important role as Smith (1954) and Edwards (1960) found positive 
correlations between grasshopper densities and temperature. Numerous studies have 
examined the effects of precipitation on grasshopper numbers with variable results.  
Some studies found positive correlations between grasshopper abundance and 
precipitation (Nerney 1960, Nerney 1961, Fielding and Brusven 1990), while others 
found negative correlations (Parker 1933, Smith 1954, Edwards 1960, Gage and Mukerji 
1977, Skinner and Child 2000).  A detailed study by Nerney (1960, 1961) and Nerney 
and Hamilton (1969) found that precipitation from October to March best predicted 
grasshopper densities in Arizona.  Studies of the relationship between grasshopper 
numbers and precipitation have resulted in the form of numerous models to predict 
grasshopper outbreaks.  Carter et al. (1998) created a model for M. sanguinipes in 
Colorado using both precipitation and temperature as variables.  This model predicts high 
egg mortality during years with above normal precipitation.  Others (Gage et al. 1976, 
Hardman and Mukerji 1982, Hilbert and Logan 1983, Johnson and Worobec 1988) also 
use above-normal precipitation as a negative factor for grasshopper survival.  Despite 
previous studies and models developed, grasshopper outbreaks remain difficult to predict 
(Lockwood and Lockwood 1991, Edwards 1960).  
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Switchgrass Biofuel  
 
A fuel made from plant sources in the form of solid, liquid or gas with renewable 
characteristics is termed as biofuel. The primary sources of first generation biofuels, 
ethanol and biodiesel are the food crops (Dufey 2006, Reiinders and Huijbregts 2007, 
Plieninger and Bens 2008). Many plant sources have the ability to produce biofuel such 
as sugarcane (Saccharum spp.) and sugar beet (Beta vulgaris L.). Several starchy crops 
like maize (Zea mays L.), wheat (Triticum spp.), potato (Solanum tuberosum L.) and 
sorghum (Sorghum bicolor L.) are also used for biofuels. Several plant oil sources are 
also used to produce biodiesel including soybeans (Glycine max (L.) Merr.), coconut 
(Cocos nucifera L.), palm (Elaeis spp.), sunflowers (Helianthus annuus L.), and jatropha 
(Jatropha curcas L.) (Dufey 2006). 
Lignocellulosic biomasses from crop residues and woody crops are also a 
potential source of biofuel (McLaughlin and Walsh 1998). The lignocellulosic biomass 
used for biofuel is extracted potentially from non-food plants and is termed as second 
generation biofuel (Gwehenberger et al. 2007, Himmel et al. 2007, Plieninger and Bens 
2008). Although sugarcane has been used for biofuel production in Brazil since 1975, in 
the recent past a rise in petroleum product usage and environmentally based concerns of 
using fossil fuels (Dufey 2006) have increased the global importance of biofuels. Brazil is 
the top in domestic use of biofuels while the U.S. ranks second, where biofuel is mainly 
generated from maize. Other countries in Europe, Asia, South Asia also produce biofuel 
from maize, sugarcane, wheat, cassava (Manihot esculenta Crantz), rice (Oryza sativa 
L.), and straw. Australia, Africa and South American countries have also initiated 
producing biofuels (Dufey 2006, Gwehenberger et al. 2007, Larson 2008).  
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In the United States, several herbaceous plants such as alfalfa (Medicago sativa L.), 
Miscanthus (Miscanthus × giganteus) and  bermudagrass [Cynodon dactylon L. (Pers.)] 
are the potential perennial feedstock (Heaton et al. 2004), but switchgrass is the only 
North American native that is well adapted to marginal croplands. Maize and switchgrass 
have gained interest for biofuels in United States. There have been several concerns for 
larger scale cultivation of both crops for biofuel production. Biofuel production competes 
with food and fiber production and also with the resources for biofuel and fiber. These 
resources include light, nutrients, and water. Nutrients have gained attention due to 
increasing prices of chemical fertilizers and run-off pollution but competition for limited 
water resources is of most importance in U.S. (Kiniry et al. 2008) 
Switchgrass, Panicum virgatum L., is a perennial warm-season grass native to 
North America and has a wide geographical distribution (McLaughlin and Walsh 1998). 
It is approximately 0.5 to 3 m tall with an extensive and deep root system (Surrency et al. 
2003, Parrish and Fike 2005, Jensen et al. 2007).  Being a C4 grass species, switchgrass 
has higher photosynthetic rates and is thus efficient in water and nitrogen use and can 
tolerate water deficiency (Parrish and Fike 2005). Dense foliage and a deep root system 
in switchgrass further make it useful to control erosion (Gettle et al. 1996, Parrish and 
Fike 2005), soil conservation and providing organic matter to soils (McLaughlin and 
Walsh 1998, Surrency et al. 2003). 
Ecological Regions 
 
The large units of land and water are termed as ecoregions because of several 
biotic and abiotic factors responsible for controlling the structure and function within 
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ecosystem where a general similarity of type and quantity of resources is observed. The 
relative characteristics of vegetation, soils, wildlife, and land use vary among ecoregions. 
Two major maps for ecoregions of United States have been developed. These maps were 
developed by U.S. Forest Service (Bailey et al. 1994) and U.S. Environmental Protection 
Agency (Omernik 1987).  The ecological regions are designated by numeral roman 
hierarchical structure. There are 15 regions of North America in level I and 52 regions in 
level II while level III has 104 regions (US-EPA 2000). The level III and level IV were 
further subdivided and revised at lager scale as level III was based at small scale 
(Omernik 1987, US-EPA 2000). 
Management of Economically Important Grasshoppers 
 
Conventionally, control of grasshopper is dependent on chemical insecticides 
(Pfadt and Hardy 1987). Malathion and carbaryl are usually used to control grasshoppers.  
The arsenic bait efficacy for grasshoppers was shown in 1855 but it was not commonly 
used until 1913. After that, Chlorinated hydrocarbons and Malathion became popular 
(Blickenstaff et al. 1974). Using chemicals had adverse effects on natural enemies, birds, 
animals, and the environment. Reduced Agent and Area Treatment (RAATs) were 
developed by Lockwood and Schell (1997) to minimize the costs and negative effect of 
insecticides on environment. This method proved efficient with a reduced effect on non-
target insects and birds. In 2003 approximately 400,000 acres were treated by USDA 
using RAATs for grasshopper control in Wyoming .There are several biological control 
agents including Nosema locustae which have been extensively used for grasshopper 
control but with limited efficacy (Blickenstaff et al. 1974, Hewitt and Onsager 1983, 
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Schell and Lockwood 1997). In this method grasshopper ingest the spores and become 
infected.  Another useful method to control rangeland grasshopper populations is the use 
of Insect Growth Regulators (IGRs) that has attained considerable attention (Weiland et 
al. 2002).  Insect Growth Regulators are effective at the stages which are immature and 
grasshoppers die during molting. Using IGRs is very effective in reducing management 
costs and minimizing non-target effects (Lockwood and Schell 1997, Weiland et al. 
2002), but all the mentioned outputs are dependent on application timing of IGRs.    
Objectives 
 
My dissertation includes the work on different aspects of rangeland grasshoppers. 
The objectives of studies include: 1) to predict the hotspots for economically important 
rangeland grasshopper species; 2) to determine the feeding performances of different 
subfamilies of grasshoppers for switchgrass used for biofuel and big bluestem; 3) To 
evaluate the clipping behavior and quantification of the clipped vegetation by rangeland 
grasshoppers with respect to different moisture level of grasses, and 4) to delineate the 
genetically and morphologically differences among the host specific forms of M. 
bowditchi. 
 
 
 
 
 
 
 
17 
 
 
 
References Cited 
 
Anderson. N. L. 1961. Seasonal losses in rangeland vegetation due to grasshoppers. 
Journal of Economic Entomology. 54: 369-378. 
Anderson, N. L. 1964. Some relationships between grasshoppers and vegetation. Annals 
of the Entomological Society of America. 57: 736-42. 
Anderson, N. L. and J. C. Wright. 1952.  Grasshopper investigations on Montana 
rangelands.  Bulletin- Montana Agricultural Experiment Station. 486: 1-46. 
Bailey, R.G., P. E. Avers, T. King and W. H. McNab, eds. 1994. Ecoregions and sub 
regions of the United States (map). Washington, DC: U.S. Geological Survey. 
Scale 1:7,500,000. Colored. Accompanied by a supplementary table of map unit 
descriptions compiled and edited by McNab, W.H. and Bailey, R.G. Prepared for 
the USDA Forest Service.  
Bernays, E. A. 1998. The evolution of feeding in insect herbivores. Bioscience. 48: 35-
44. 
Bird, R. D., W. Allen and D. S. Smith. 1966. The response of grasshoppers to ecological 
changes produced by agricultural development in Southwestern Manitoba. 
Canadian Entomologist. 98: 1191-1205. 
Blickenstaff, C. C., F. E. Skoog and R. J. Daum. 1974. Long-term control of 
grasshoppers. Journal of Economic Entomology. 67: 268-274. 
Brooks, A. R. 1958. Acridoidea of southern Alberta, Saskatchewan and Manitoba 
(Orthoptera). Canadian Entomologist. 90: 1- 92. 
18 
 
 
 
Brust, M. L. 2008. Taxonomy and distribution of acridids grasshoppers in Nebraska and 
effects of temperature and immersion on rangeland pests. Ph. D. Dissertation, 
University of Nebraska Lincoln. pp. 284. 
Brust, M. L., E. J. Lindroth, W. W. Hoback, R. J. Wright, K. Hanford and J. E. Foster. 
2010. Morphological and genetic analyses in the Melanoplus packardii group 
(Orthoptera: Acrididae). Journal of Orthoptera Research. 19: 281-288. 
Burleson, W. H. and G. B. Hewitt. 1982. Response of western wheatgrass and 
needleandthread to defoliation by grasshoppers. Journal of Range Management. 
35: 223-226. 
Carter, M. R., I. V. MacRae, J. A. Logan and T. O. Holtzer. 1998. Population model for 
Melanoplus sanguinipes (Orthoptera: Acrididae) and an analysis of grasshopper 
population fluctuations in Colorado. Environmental Entomology. 27: 892-901. 
Chiras, D. D. 2010. Environmental Science. Sudbury, MA: Jones and Bartlett. 
Clark, E. J. 1949. Studies in the ecology of British grasshoppers. Transactions of the 
Royal Entomological Society of London. 99: 173-222. 
Craig, D. P., C. E. Bock, B. C. Bennett and J. H. Bock. 1999. Habitat relationships 
among grasshoppers (Orthoptera: Acrididae) at the western limit of the Great 
Plains in Colorado. American Midland Naturalist. 142: 314-327. 
Crumpacker, D.W. 1984. Regional riparian research and a multi-university approach to 
the special problem of livestock grazing in the Rocky Mountains and Great 
Plains. In R.E. Warner, and K. Hendricks (eds.). California riparian systems: 
ecology, conservation, and productive management. University of California 
Press, Berkeley, California. pp. 413-422. 
19 
 
 
 
Davis, R. M., M. D. Skold., J. S. Berry. and W. P. Kemp. 1992. The economic threshold 
for grasshopper control on public rangelands. Journal of Agricultural Resource 
Economics. 17: 56-65. 
Dow, C. L. 1932.  Precipitation maps of Nebraska. Geographical Review. 22: 457-463. 
Dufey, A. 2006. Biofuels production, trade and sustainable development: emerging 
issues. International Institute for Environment and Development, London. pp. 22. 
Edwards, R. L. 1960. Relationship between grasshopper abundance and weather 
conditions in Saskatchewan, 1930-1958. Canadian Entomologist. 92: 619-624. 
Edwards, R. L. 1964. Some ecological factors affecting the grasshopper populations of 
western Canada. Canadian Entomologist. 96: 307-320. 
Evans, E. W., R. A. Rogers and D. J. Opferman. 1983. Sampling grasshoppers 
(Orthoptera: Acrididae) on burned and unburned tallgrass prairie: night trapping 
vs. sweeping. Environmental Entomology. 12: 1449-1454. 
Fielding, D. J. and M. A. Brusven. 1990. Historical analysis of grasshopper (Orthoptera: 
Acrididae) population responses to climate in southern Idaho, 1950-1980. 
Environmental Entomology. 19: 1786-1791. 
Foster, R. N. and K. C. Reuter. 1996-1999. Evaluation of rangeland grasshopper controls: 
a general protocol for efficacy studies of insecticides applied from the air. In: G. 
L. Cunningham and M. W. Sampson (tech cords). Grasshopper integrated pest 
management user handbook. Technical Bulletin. 1809. Washington, DC: U.S. 
Dept. of Agriculture, Animal and Plant Health Inspection Service: II.2. 
20 
 
 
 
Gage, S. H. and M. K. Mukerji. 1977. A perspective of grasshopper population 
distribution in Saskatchewan and interrelationship with weather. Environmental 
Entomology. 6: 469-479. 
Gage, S. H., M. K. Mukerji and R. L. Randel. 1976. A predictive model for seasonal 
occurrence of three grasshopper species in Saskatchewan (Orthoptera: Acrididae). 
Canadian Entomologist. 108: 245-253. 
Gardiner, T., J. Hill and D. Chesmore. 2005. Review of the methods frequently used to 
estimate the abundance of Orthoptera in grassland ecosystems. Journal of Insect 
Conservation 9: 151-173. 
Gettle, R. M., J. R. George, K. M. Blanchet, D. R. Buxton and K. J. Moore. 1996. Frost-
seeding legumes into established switchgrass: Forage yield and botanical 
composition of the stratified canopy. Agronomy Journal. 88: 555-560. 
Gillespie, R. L. and W. P. Kemp. 1995.  Habitat association of grasshoppers (Orthoptera: 
Acrididae) in winter wheat (Triticum aestivum) and adjacent rangeland. Journal of 
the Kansas Entomological Society. 68: 425-424. 
Gocmen, H. and Z. Devran. 2002. Determination of genetic variation in populations of 
Bemisia tabaci in Antalya, Turkish Journal of Agriculture and Forestry. 26: 211–
216. 
Gwehenberger, G., M. Narodoslawsky, B. Liebmann and A. Fried. 2007. Ecology of 
scale versus economy of scale for bioethanol production. Biofuels, Bioproducts 
and  Biorefining. 1: 264-269. 
Hardman, J. M. and M. K. Mukerji. 1982. A model simulating the population dynamics 
of the grasshopper (Acrididae) Melanoplus sanguinipes (Fabr.), Melanoplus 
21 
 
 
 
packardii Scudder, and Camnula pellucida (Scudder). Research in Population 
Ecology. 24: 276-301. 
Hauke, H. A. 1953. An annotated list of the Orthoptera of Nebraska, Part II, The 
Tettigidae and Acrididae. Bulletin of the University of Nebraska State Museum. 
3: 1-79. 
Heaton, E., T. Voigt and S. P. Long. 2004. A quantitative review comparing yields of two 
candidate C4 perennial biomass crops in relation to nitrogen, temperature, and 
water. Biomass and Bioenergy. 27: 21–30. 
Hewitt, G. B. 1977. Review of forage losses caused by rangeland grasshoppers. USDA-
ARS. Miscellaneous Publication. 1348. 
Hewitt, G. B. 1978. Reduction of western wheatgrass by the feeding of two rangeland 
grasshoppers, Aulocara elliotti and Melanoplus infantilis. Journal of Economic 
Entomology. 71: 419-421. 
Hewitt, G. B. 1979. Hatching and development of rangeland grasshoppers in relation to 
forage growth, temperature, and precipitation. Environmental Entomology. 8: 24-
29. 
Hewitt, G. B. and J. A. Onsager. 1982.  A method for forecasting potential losses from 
grasshopper feeding on northern mixed prairie forages. Journal of Range 
Management. 35: 53-57. 
Hewitt, G. B. and J. A. Onsager. 1983. Control of grasshoppers on rangeland in the 
United States- a perspective. Journal of Range Management. 36: 202-207. 
22 
 
 
 
Hewitt, G. B., W. H. Burleson and J. A. Onsager. 1976. Forage losses caused by the 
grasshopper Aulocara elliotti on shortgrass rangeland. Journal of Range 
Management. 29: 376-380. 
Hilbert, D. W. and J. A. Logan. 1983 Empirical model of nymphal development for the 
migratory grasshopper, Melanoplus sanguinipes (Orthoptera: Acrididae). 
Environmental Entomology. 12: 1-5. 
Himmel, M. E., S. Y. Ding, D. K. Johnson, W. S. Adney, M. R. Nimlos, J. W. Brady and 
T. D. Foust. 2007. Biomass recalcitrance: Engineering plants and enzymes for 
biofuels production. Science. 315: 804-807. 
Hinkle, G. A. 1938. The relation of grasshoppers (with special emphasis on Dissosteria 
longipennis (Thomas) to native ranges of Colorado. M.S. Thesis, Colorado State 
University. Collins, Colorado. pp. 108. 
Hoy, M. A. 2004. Insect Molecular genetics: An introduction to principles and 
applications. Second Edition, Academic Press. San Diego, California. pp. 1-544. 
Jensen, K., C. D. Clark, P. Ellis, B. English, J. Menard, M. Walsh and D. D. L. T. Ugarte. 
2007. Farmer willingness to grow switchgrass for energy production. Biomass 
and Bioenergy. 31: 773-781. 
Joern, A. 1983. Host plant utilization by grasshoppers (Orthoptera: Acrididae) from a 
Sandhills prairie. Journal of Range Management. 36: 793-797. 
Johnsgard, P. A. 2001. The Nature of Nebraska: Ecology and Biodiversity. University of 
Nebraska Press, Lincoln, NE. 
23 
 
 
 
Johnson, D. L. and A. Worobec. 1988 Spatial and temporal computer analysis of insects 
and weather: grasshoppers and rainfall in Alberta. Memoirs of the Entomological 
Society of Canada. 146: 33-48. 
Kemp, W. P., S. J. Harvey and K. M. O’Neill. 1990. Pattern of vegetation and 
grasshopper community composition. Oecologia. 83: 299-308. 
Kiniry, J. R., L. Lynd, N. Greene. M. V. V. Johnson, M. Casler and M. S. Laser. 2008. 
Biofuels and water use: comparison of Maize and switchgrass and general 
perspectives. In: New research and biofuels (eds.) J. H. Wright and D. A. Evans, 
pp. 1-14. 
Langford, G. S. 1930. Some factors relating to the feeding habits of grasshoppers. 
Colorado Agricultural Experiment Station Bulletin. pp. 354. 
Larson, D. P., K. M. O’Neill and W. P. Kemp. 1999. Evaluation of the accuracy of sweep 
sampling in determining grasshopper (Orthoptera: Acrididae) community 
composition. Journal of Agricultural and Urban Entomology. 16: 207-214 
Larson, E. D. 2008. Biofuel production technologies: status, prospects and implications 
for trade and development. United Nations Conference on Trade and 
Development. New York and Geneva. pp. 49. 
Legg, D. E., J. A. Lockwood and M. J. Brewer.  1996.  Variability in rangeland 
grasshopper (Orthoptera: Acrididae) counts when using the standard, visualized 
sampling method.  Journal Economic Entomology. 89: 1143-1150. 
Lockwood, J. A. and D. R. Lockwood.1991 Rangeland grasshopper population dynamics: 
insights from catastrophe theory. Environmental Entomology. 20: 970-980. 
24 
 
 
 
Lockwood, J. A. and S. P. Schell. 1997. Decreasing economic and environmental costs 
through reduced area and agent insecticide treatments (RAATs) for the control of 
rangeland grasshoppers: Empirical results and their implications for pest 
management. Journal of Orthoptera Research. 6: 19-32. 
Longhurst, W. M., A. L. Lesperance, M. Morse, I. Z J. Mackie, D. L. Neal, H. Salwasser, 
D. Swickard, P. T. Tueller, P. J. Urness and J. D. Yoakum. 1983. Livestock and 
wild ungulates. pp. 42-64. In: J. W. Menke (ed.). Proceedings  of the  workshop  
on  livestock  and  wildlife fisheries relationships  in  the  Great  Basin. Special 
publication 3301.  Division of Agricultural Sciences, University of California, 
Berkeley, California.  
McLaughlin, S. B. and M. E. Walsh. 1998. Evaluating environmental consequences of 
producing herbaceous crops for bioenergy. Biomass and Bioenergy. 14: 317-324. 
Mitchell, J. E. and R. E. Pfadt. 1974. A role of grasshoppers in a shortgrass prairie 
ecosystem.  Environmental Entomology. 3: 358-360. 
Morton, F. A. 1936. Review of rangeland grasshopper project. U. S. Department of 
Bureau Entomology and Plant Quarantine. Mimeo Rep. Bozeman, Mont. pp. 33.  
Mueggler, W. F. and W. L. Stewart. 1980. Grasslands and scrubland habitat types of 
western Montana. USDA Forest Service. GTR INT-66. pp. 48. 
Mulkern, G. B. 1967. Food selection by grasshoppers. Annual Review of Entomology. 
12: 59-78. 
Mulkern, G. B., K. P. Pruess, H. Knutson, A. F. Hagen, J. B. Campbell and J. D. 
Lambley.1969.  Food habits and preferences of grassland grasshoppers of the 
25 
 
 
 
north central Great Plains. North Dakota Agricultural Experiment Field Station, 
North Central Regional Publication No. 196. pp. 32. 
Muller, M. G. and L. L. Wolfenbarger. 1999. AFLP genotyping and fingerprinting. 
Trends in Ecology and Evolution. 14: 389-393. 
Nebraska Studies. 2000-2024. Beef State in the 21
st
 Century. 
http://www.nebraskastudies.org/1200/frameset_reset.html?http://www.nebraskast
udies.org/1200/stories/1201_0100.html 
Nerney, J. J. and A. G. Hamilton. 1966. Effect of insecticide and parasitism on range 
grasshoppers, San Rafael Valley, Arizona. U. S. Department of Agriculture, 
Agricultural Research Service. Special Report. 192. pp. 14. 
Nerney, J. J. and A. G. Hamilton. 1967. Field observations of grasshoppers and damage 
survey on rangeland of San Rafael Valley, Arizona. U. S. Department of 
Agriculture, Agricultural Research Service. Special Report. 202. pp. 13. 
Nerney, N. J. 1957. Interrelated effects of grasshoppers and management practices on 
short-grass rangeland, 1956, U. S. Dept. Agric., Agric. Res. Ent., Cereal and 
Forage Insects Section, Mimeograph. Special Report. Z-58. 
Nerney, N. J. 1960. Grasshopper damage on shortgrass rangeland of the San Carlos 
Apache Indian Reservation, Arizona. Journal of Economic Entomology. 53: 640-
646. 
Nerney, N. J. 1961. Effects of seasonal rainfall on range condition and grasshopper 
population, San Carlos Apache Indian Reservation, Arizona. Journal of Economic 
Entomology. 54: 382-385. 
26 
 
 
 
Nerney, N. J. and A. G. Hamilton.1969. Effects of rainfall on range forage and 
populations of grasshoppers, San Carlos Apache Indian Reservation, Arizona. 
Journal of Economic Entomology. 62: 329-333. 
Olfert, O. and R.Weiss. 2002. Impact of grasshopper feeding on selected cultivars of 
cruciferous oilseed crops.  Journal of Orthoptera Research. 11: 83-86. 
Omernik, J. M. 1987. Ecoregions of the conterminous United States. Map (Scale 
1:7,500,000). Annals of Association of American Geographers. 77: 118-125. 
Onsager, J. A. 1983. Relationship between survival rate, density population trends and 
forage destructions by instars of grasshoppers (Orthoptera: Acrididae). 
Environmental Entomology. 12: 1099-1102. 
Otte, D. and A. Joern. 1977. On feeding patterns in desert grasshopper and the evolution 
of specialized diets. Transactions Philadelphia Academy Sciences. 128: 89-126. 
Parker, J. R. 1930. Some effects of temperature and moisture upon Melanoplus 
mexicanus mexicanus Saussure and Camnula pellucida Scudder (Orthoptera). 
Montana Agricultural Experiment Station Bulletin. 223. pp. 132. 
Parker, J. R. 1933. Factors largely responsible for years of grasshopper abundance. 
Proceedings of the World’s Grain Exhibition Conference, Canada 2: 472-473. 
Parrish, D. J. and F. H. Fike. 2005. The biology and agronomy of switchgrass for 
biofuels. Critical Reviews in Plant Sciences. 24: 423–459. 
Pepper, J. H., C. R. Hunt, J. P. Corkins, N. L. Anderson, R. Schiedeskamp and J. C. 
Wright. 1951. Montana insect pests 1949-1950. Montana Agricultural Experiment 
Station Bulletin. 474. pp. 35. 
27 
 
 
 
Pfadt, R. E. 1949. Range grasshoppers as an economic factor in the production of 
livestock. Wyoming Range Management Issue No. 7. 
Pfadt, R. E. 1977. Some aspects of the ecology of grasshopper populations inhabiting the 
shortgrass plains. Minnesota Agricultural Experiment Station. Technical Bulletin. 
310. 
Pfadt, R. E. 1985. Fundamentals of Applied Entomology. Macmillan Publishing Co., 
New York. pp.742. 
Pfadt, R. E. 2002.  A field guide to common western grasshoppers. 3rd Edition. 
Wyoming Agricultural Experiment Station Bulletin 912. pp. 1-288. 
Pfadt, R. E. and D. M. Hardy.1987. A historical look at rangeland grasshoppers and the 
value of grasshopper control programs. pp.183-196. In: J. Capinera (editor), 
integrated pest management on rangeland. Westview Press, Boulder, CO, USA.  
Plieninger, T. and O. Bens. 2008. How the emergence of biofuels challenges 
environmental conservation. Environmental Conservation. 34: 273-275. 
Prokopy, R. J., S. R. Diehl and S. S. Coley. 1988. Behavioral evidence for host races in 
Rhagoletis pomonella flies. Oecologia. 76: 138-147. 
Reiinders, L. and M. A. J. Huijbregts. 2007. Life cycle greenhouse gas emissions, fossil 
fuel demand and solar energy conversion efficiency in European bioethanol 
production for automotive purposes. Journal of Cleaner Production. 15: 1806-
1812. 
Reineke A., P. Karlovsy and C. P. W. Zebitz. 1998. Preparation and purification of DNA 
from insects for AFLP analysis. Insect Molecular Biology. 7: 95-99. 
28 
 
 
 
Rubtzov, I. A. 1932. On the amount of food consumed by locusts. (In Russian with 
English summary). Plant Protection. Leningrad. 1932: 31-40. 
Schell, S. P. and J. A. Lockwood. 1997. Spatial characteristics of rangeland grasshopper 
(Orthoptera: Acrididae) population dynamics in Wyoming: implications for pest 
management. Environmental Entomology. 26: 1056-1065. 
Skinner, K. M. and R. C. Child. 2000. Multivariate analysis of the factors influencing 
changes in Colorado grasshopper abundances. Journal of Orthoptera Research. 9: 
103-109. 
Smith, D. S. 1959. Utilization of foo plants by the migratory grasshopper, Melanoplus 
bilituratus with some observations on the nutritional value of the plants. Annals 
of Entomological Society of America. 52: 674-680. 
Smith, R. C. 1954. An analysis of 100 years of grasshopper population in Kansas (1854 
to 1954). Transactions of the Kansas Academy of Science. 57: 397-433. 
Surrency, D., C. M. Owsley and M. Kirckland. 2003. Switchgrass (Panicum virgatum) 
Special Edition: For Farm Bill Implementation. Plant sheet, Jimmy Carter Plant 
Materials Center Americus, Georgia. Natural Resources Conservation Service. pp. 
6. 
Sword, G. A. and E. B. Dopman. 1999. Developmental specialization and geographic 
structure of host plant use in a polyphagous grasshopper, Schistocerca emarginata 
(-lineata) (Orthoptera: Acrididae). Oecologia. 120: 437-445. 
Sword, G. A., A. Joern and L. B. Senior. 2005. Host plant-associated genetic 
differentiation in the snakeweed grasshopper, Hesperotettix viridis (Orthoptera: 
Acrididae). Molecular Ecology. 14: 2197-2205. 
29 
 
 
 
Tatsuta, H. and R. K. Butlin. 2001. Amplified fragment length polymorphism for analysis 
of genetic structure in grasshopper populations. Journal of Orthoptera Research. 
10: 203-207. 
Traxler, M. A. and A. Joern. 1999. Performance tradeoffs for two hosts within and 
between populations of the oligophagous grasshopper Hesperotettix viridis 
(Acrididae). Oikos. 87: 239-250. 
USDA-APHIS. 2006. Nebraska grasshopper and Mormon cricket rangeland cooperative 
suppression and outreach programs. Lincoln, Nebraska. 
US-EPA. 2000. Level III ecoregions of the continental United States (revision of 
Omernik, 1987): Corvallis, Oregon, U.S. Environmental Protection Agency - 
National Health and Environmental Effects Research Laboratory Map M-1, 
various scales. 
Veneman, A. M., J. J. Jen and R. R. Bosecker. 2004. The 2002 Census of Agriculture: 
Nebraska state and county data.  Volume 1, Geographic Area Series, Part 27.  
AC-02-A-27. pp. 645. 
Volesky, J. D., W. H. Schacht and S. S. Waller. 1980. Proper livestock grazing 
distribution on rangeland. Historical materials from university of Nebraska-
Lincoln extension. Paper 1315. 
http://digitalcommons.unl.edu/extensionhist/1315/ 
Vos, P., R.  Hogers, M. Bleeker, M. Reijans, T. van der Lee, M. Hornes, A. Frijters, J. 
Pot, J. Peleman, M. Kuiper and M. Zabeau. 1995. AFLP: A new technique for 
DNA fingerprinting. Nucleic Acids Research. 23: 4407–4414.   
30 
 
 
 
Weiland, R. T., F. D. Judge, T. Pels and A. C. Grasscurt. 2002. A literature review and 
new observations on the use of diflubenzuron for control of locusts and 
grasshoppers throughout the world. Journal of Orthoptera Research. 11: 43-54. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
31 
 
 
 
 
 
 
 
Chapter 2  
Ecoregion-Level Distributions for Common Nebraska Rangeland 
Grasshoppers (Orthoptera: Acrididae) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
32 
 
 
 
Abstract 
 
Over 100 species of short-horned grasshoppers (Orthoptera: Acrididae) occur in 
parts of the United States with significant rangeland, but less than 10% of these species 
cause significant damage. Numerous models have been developed in order to predict 
outbreaks, but most have not been reliable. Improving the ability to predict outbreaks of 
pest grasshopper species is critical for protection of rangelands. We examined the 
relationship between the local relative populations of 20 of the most abundant rangeland 
grasshopper species and Omernik’s level 3 and 4 ecoregions across an area encompassing 
nearly two-thirds of Nebraska (approximately 134,000 km
2
).  The data on relative 
abundance of all species showed at least some significant differences at ecoregion level 4 
and two species showed a single ecoregion that differed from all others at level 3.  The 
results of this study will facilitate the prediction of species-specific grasshopper 
outbreaks.  
 
Key Words:  Rangeland, grasshopper, ecoregion, prediction, hotspot 
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Introduction 
 
Rangeland forage is impacted by outbreaks of shorthorned grasshoppers 
(Orthoptera: Acrididae), while their damage to cropland in the United States is highly 
variable (Pfadt 2002). Of approximately 600 species of grasshoppers in the United States 
(Hewitt and Onsager 1983), over 100 species occur in Nebraska (Brust et al. 2008). 
However, no more than a dozen economically important species are present in Nebraska 
rangelands. Among those, a few species are typically present in high densities in 
rangeland areas (Hewitt 1977). Grasshoppers are considered the most important pests in 
rangeland areas used for cattle production (Hewitt and Onsager 1983, Pfadt 2002) and are 
estimated to consume between 21 and 23 % of the available rangeland forage (Hewitt and 
Onsager 1983). 
Damage to rangeland forage depends on several factors including the number of 
grasshoppers, their developmental stage, and diet preference (Onsager 1983). 
Precipitation is an important factor for forage production in rangelands (Wight and Hanks 
1981) and in the presence of sufficient precipitation and ample food, the damage caused 
by grasshoppers is less than compared to situations where low precipitation results in 
limited plant cover.   
Most of the economically important rangeland grasshopper species lay eggs in 
late summer and early fall and produce one generation per year in the Northern Plains of 
the United States (Davis et al. 1992). During spring and summer, grasshopper densities 
typically decline prior to adult stages because of the susceptibility of nymphal instars to 
various mortality factors (Davis et al. 1992). Grasshopper species also respond differently 
to abiotic conditions (Joern and Gaines 1990, Craig et al. 1999), therefore species 
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dominance in a grasshopper community is largely dependent on microclimate, plant 
range, feeding biology and soil type in an ecosystem (Uvarov 1977, Heidorn and Joern 
1987, Joern and Gaines 1990, Craig et al. 1999, Beckerman 2000, Skinner and Child 
2000).  
In the United States, the Animal and Plant Health Inspection Service (APHIS) has 
the responsibility to manage rangeland grasshoppers. To accomplish this task, APHIS 
conducts sampling and estimates densities of grasshoppers in rangelands. Treatment 
thresholds for rangeland are usually around nine grasshoppers per square meter (Parker 
1930). The economic thresholds for rangeland grasshoppers are similar across states 
despite differences in grasshopper species (Hantsbarger 1979, Skelly et al. 2002), 
estimating grasshopper population dynamics, and ideal sampling methods remain a 
problem (Craig et al. 1999, Joern and Gaines 1990). For example, grasshoppers can 
evade sampling in tall vegetation, resulting in underestimation of densities (Gardiner et 
al. 2005).  
 Among the number of useful tools in entomological studies, Geographical 
Information Systems (GIS) have become very important, particularly in predicting 
distributions and densities of species as well as larger taxonomic groups (Riley 1989, 
Liebhold et al. 1993).  GIS have been used in different studies of grasshoppers relating to 
mapping areas of chronic infestations using landscape features (Johnson 1989, Schell and 
Lockwood 1997) and have also been used for comparing species composition and 
densities with geographic features. For example, Fielding and Brusven (1995) used GIS 
to correlate grasshopper and plant communities in Idaho. Schell and Lockwood (1997) 
used GIS to determine areas of chronic grasshopper infestation in Wyoming. These 
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comparisons often relate grasshopper distributions and densities to soil type (Isley 1938, 
Kemp et al. 1990, Craig et al. 1999) and plant community (Isley 1938, Fielding and 
Brusven 1995, Joern et al. 1997).  However, these studies have not often statistically 
compared relationships among species and geographic features at larger scale. 
 Although it could be argued that most grasshopper species are beneficial for an 
ecosystem (Lockwood 1993), outbreaks of certain species can result in heavy damage to 
rangelands (Hewitt and Onsager 1983, Capinera 1987). Species composition is very 
important in the prediction of outbreaks of economically important species.  Grasshopper 
species development rate is usually species specific (Pfadt 2002), and should be affected 
differently by a given climatic sequence.  This can make prediction of outbreaks 
composed of more than one species difficult. In addition, identifying grasshoppers to 
species from samples collected in the field requires expertise. Some recent studies have 
done so and have cast light on the importance of species composition in predicting 
potential outbreaks.  Skinner and Child (2000) compared grasshopper species densities 
with ecoregions across several areas in Colorado.  They found that both Omernik’s 
ecoregions and soil data are correlated with some grasshopper communities.   
Grasshopper outbreaks are generally comprised of several species, but a single species 
typically predominates, often representing over 50% of the total assemblage (Pfadt 2002).   
Across the western United States, only 14 species have been considered major rangeland 
pests (Pfadt 2002).  However, species which have never historically been economically 
important have occasionally developed into significant outbreaks in recent years (Foster 
2005). 
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 If a single species is normally the cause of grasshopper outbreaks in an area, then 
predicting areas where that species is frequently abundant would be useful to identify 
potential hotspots.  With such areas delineated, rangeland grasshopper monitoring 
resources such as those employed by APHIS could be allocated more efficiently.   
In this study we examine the relationship between the local relative abundance of  the 20 
most abundant rangeland grasshopper species in Nebraska by ecoregion. We 
hypothesized that grasshopper species would show affinities to specific habitats.  We 
used Omernik’s level 3 (Figure 1) and level 4 ecoregions (Figure 2) (Omernik 1987, 
1995) across an area encompassing nearly two-thirds of the Nebraska (approx. 134,000 
km
2
) where grasshopper samples are systematically collected by USDA-APHIS (2006) to 
test for habitat affinity. 
Materials and Methods 
 
Visual counts of grasshopper densities were conducted at more than 1,000 sites 
across western Nebraska from 2008 to 2010 under the Rangeland Grasshopper and 
Mormon Cricket Suppression Program of the U.S. Department of Agriculture-Animal 
and Plant Health Inspection Service.  Surveys were conducted at locations spaced 
approximately 10 km (6 miles) apart.  At each site, 18 visual estimates were obtained, 
and a mean density was obtained from these estimates.  At approximately 158 common 
data sites, which represent the ecosystem diversity within the state, standardized sweep 
net samples were also obtained.  Sweep net samples followed the methodology presented 
in Foster and Reuter (1996-1999) and consisted of 20 sweeps.  Adult surveys were done 
in summer (mid-July to early September).  Adults of all short-horned grasshoppers were 
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identified to species and counted per site.  From this a relative density of each species per 
site was obtained. 
   
The ecoregions used are based on characteristics of geology, physiography, 
plants, climate, soil type, land use, biota and hydrology that are important for 
identification of ecological regions, reflecting differences in ecosystem quality and 
integrity (Omernik 1987, 1995). Each of these characteristics varies from one ecoregion 
to other. The United States Environmental Protection Agency has divided the level 3 
ecoregion of the central United States into 104 regions (US-EPA 2000). Omernik (1995) 
explained the procedures for the said division of level 3 ecoregion. Each higher level 
ecoregion of level 3 is further divided into level 4 ecoregions. For example, several level 
4 ecoregions occur within each level 3. 
Omernik’s (1987) ecoregion map was used in this study because of its finer level 
of detail compared to Bailey’s (1980) map. The data were imported into a GIS (ArcGIS 
9.2 (ArcView GIS) as database files and projected in North American Datum 1983 (NAD 
83). Shape files of Omernik’s level 3 and level 4 ecoregions (Figures 1and 2) were 
obtained through the U.S. Department of Agriculture, Animal and Plant Health 
Inspection Service and were applied using NAD 83.   
Because it was expected that species abundance would change among years, data 
from all three years were pooled in order to obtain an average result which depicts the 
ecoregion associations of each species.  Pooling these data would negate environmental 
factors such as precipitation and temperature, which differ among years. The data 
containing species, total counts and associated level 3 and level 4 ecoregion were 
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analyzed through pairwise multiple comparison tests (Holm-Sidak method) using 
SigmaPlot (Systat Software, San Jose, CA). For the graphical representation of the total 
numbers of each species collected at each level of ecoregion, colored heat maps  were 
generated through hierarchical cluster analysis for the years 2008-10 using R (R 
Development Core Team 2008). Hierarchical clustering enables to group the similar trend 
of species in their numbers together. The significant species in Level 3 ecoregion were 
further analyzed for level 4 within level 3 ecoregions of the Nebraska for their further 
association. The species analyzed for level 4 ecoregion include Ageneotettix deorum 
(Scudder), Melanoplus femurrubrum (Thomas), Melanoplus sanguinipes (Fabricius), 
Melanoplus angustipennis (Dodge), Phoetaliotes nebrascensis (Thomas), Trachyrhachys 
kiowa and Campylacantha olivacea (Thomas). 
Results 
 
Level 3 Ecoregion Analysis. Analysis of a total of 15,203 specimens belonging 
to the 20 species for their relative distribution within level 3 ecoregion of Nebraska 
revealed significant association among species and level 3 ecoregion (Table 1). The 
pairwise comparison of mean densities of grasshopper species across level 3 ecoregion 
yielded significant differences in relative abundance. Of all the species analyzed, the 
relative density of A. deorum was significantly higher in the Nebraska Sand Hills than in 
any other level 3 ecoregion (Figure 3). Pairwise comparison of A. deorum with all other 
species within Nebraska Sand Hill ecoregion revealed statistically significant difference 
(P ≤ 0.001). Melanoplus angustipennis had the second highest density in the Nebraska 
Sand Hills with significant differences from the rest of the species (P ≤ 0.001) while there 
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was no significant difference (P = 0.074) in its relative density compared to P. 
nebrascensis within the Nebraska Sand Hills. The densities of P. nebrascensis were high 
in the Nebraska Sand Hills, significantly differing from other level 3 ecoregions (Table 
1). In Nebraska Sand Hills, Opeia obscura (Thomas) had statistically higher numbers (P 
= 0.002) than in the Central Great Plains. All other pairwise comparisons in the mean 
density for this species between level 3 ecoregion did not showed any significant 
difference (Table 1).  
In the High Plains level 3 ecoregion, the relative density of A. deorum also 
significantly differed from the rest of the species analyzed (P ≤ 0.001). The species M. 
sanguinipes was significantly higher in its relative density (P ≤ 0.001) compared to other 
species within the High Plains level 3 ecoregion. Phoetaliotes nebrascensis also differed 
statistically from C. olivaces (P ≤ 0.001), Eritettex simplex (Scudder) (P ≤ 0.001), 
Hesperotettix speciosus (Scudder) (P = 0.002), and others in High plains ecoregion. 
Melanoplus femurrubrum (P = 0.012) and P. nebrascensis (P = 0.027) were found in 
higher numbers compared to other species in Northwestern Glaciated Plains.  
Ecoregion dendrograms showed that the Nebraska Sand Hills and the High Plains 
ecoregion make a sister group due to approximately equal number of total grasshoppers 
in them. Similarly, the Central Great Plains and the Northwestern Glaciated Plains 
together were similar in grasshopper numbers to the North Western Great Plains (Figure 
3).  
Level 4 Ecoregion Analysis.  Ageneotettix deorum and M. angustipennis showed 
significant differences in relative abundance between level 4 ecoregions within the 
Nebraska Sand Hills. The relative densities of A. deorum were significantly higher in the 
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Alkaline Lakes Area and Sand Hills than the other level 4 ecoregions within the Nebraska 
Sand Hills (Table 2). Melanoplus angustipennis also occurred in higher densities in the 
Alkaline Lakes Area and Sand Hills (P ≤0.005). Phoetaliotes nebrascensis had 
intermediate densities in the Sand Hills while other species had the lower relative 
densities (Table 2). The Wet Meadows and Marsh Plains ecoregion had lowest relative 
densities of these species (Table 2).  
Within the High Plains level 3ecoregion, A. deorum had significantly higher 
relative densities in the Pine Bluffs and Hills ecoregion than in all others, while M. 
sanguinipes had the second highest relative density in this ecoregion. The Sandy and 
Silty tablelands within the High Plains had the lowest densities of species analyzed 
(Table 3). 
The relative density of Trachyrhachys kiowa was significant (P≤0.0001) in 
Semiarid Pierre Shale Plains within the Northwestern Great Plains level3 ecoregion 
relative to other species in the level 4 analysis. Ageneotettix deorum and P. nebrascensis 
were intermediate in their relative densities (Table 4). The pairwise comparisons of  level 
4 ecoregions within  level 3 Northwestern Glaciated Plains and Central Great Plains did 
not yield any significant differences for the relative densities of the species analyzed for 
level 4 (Table 4). 
Discussion 
 
Our results show that relative densities of grasshopper species vary 
geographically and that broad ecoregions might be good predictors of relative densities 
on a geographic scale. The level 3 ecoregion analyses for A. deorum and M. 
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angustipennis showed that the Nebraska Sand Hills have consistently higher densities of 
these two species than other parts of Nebraska. Ageneotettix deorum showed additional 
differences in the level 4 analysis. For example, although the Nebraska Sand Hills 
ecoregion had significantly higher densities of A. deorum than all other species, the Sand 
Hills and Alkaline Lakes Area were at least two times higher in relative abundance of A. 
deorum than the Lakes Area and Wet Meadows and Marsh Plains. This suggests that the 
minor differences in habitat that differentiate level 4 ecoregions can lead to significant 
differences in grasshopper species composition and density.  
The frequent high numbers (Figures 3 and 4) of  A. deorum makes it  one of the 
most important economic pests of range grasses in mixed grass prairies where it often 
constitutes over 50% of the local grasshopper community (Pfadt 1984). Within the 
Nebraska Sand Hills ecoregion, the relative densities are significantly higher in the Sand 
Hills and the Alkaline Lakes Area than the remaining two ecoregions at level 4. This 
suggests that even within the level 3 ecoregion of the Nebraska Sand Hills, A. deorum is 
much more likely to reach damaging numbers in these two level 4 ecoregions than others. 
Melanoplus angustipennis is the second most abundant grasshopper in the Nebraska Sand 
Hills, and it followed the same general pattern as A. deorum.  However, its diet has been 
poorly studied and it is thought to be primarily a forb feeder (Pfadt 2002). Thus, although 
it occurs in high densities in the same areas as A. deorum, and contributes to numbers of 
grasshoppers collected during sampling, it may not pose much economic threat and may 
be somewhat beneficial in reducing forbs that compete with range forage for the 
resources.  
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Other species did not show significant correlations in density associated with 
level 3 ecoregions.  It is likely that significant differences would be found among 
ecoregions for at least some of species examined if sample sizes had been larger. For 
example, total number of specimens used in the analysis for 12 species were less than 
400. However, because this study required five field personnel as well as a curator, a 
quality control specialist, and a data entry technician for three seasons, it is unlikely that a 
more comprehensive study would be feasible at the state level. In the future this limit 
could be addressed if each state in the western U.S. would take smaller numbers of 
samples but compile them into a national database. 
This study is based on the analysis of sweep samples, which may not always 
represent the grasshopper community (Evans et al. 1983, Larson et al. 1999), especially 
during the early season when nymphs are sampled (Evans et al. 1983). O’Neill et al. 
(2002) found that variation in the methodology of sweep sampling (walking speed, stride 
length, form of arc, closeness to the ground) had an effect on catch rates in sweep 
samples and suggested that if multiple samplers are used, they should be trained as 
thoroughly as possible so that all surveyors are using similar techniques. In Nebraska, 
USDA-APHIS surveyors are trained in the field for one week before doing surveys on 
their own. Foster and Reuter (1966-1999) found that sweep net samples do not always 
obtain an accurate estimate and that two different kinds of sweep samples often result in 
higher capture rates of different types of grasshoppers. Sampling should be done 
according to activity of the common species. For example, low and slow samples were 
more effective in capturing slow moving species, while high and fast sweeps were more 
effective for more active species (Foster and Reuter 1996-1999). Ideally, a mix of both 
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methods obtains the best results. Our samples consisted mostly of low but fast sweeps. 
Thus the relationship of grasshopper density to sampling methods applied must be 
understood (Gardiner et al. 2005).  
Several methods are used to test the feeding behavior of grasshoppers in 
laboratory and field settings. Field observation has been used in several studies 
(Anderson and Wright 1952, Gangwere 1961), while grasshopper crop analysis has been 
used in others (Mulkern and Anderson 1959). Field assessment of the feeding preference 
is difficult because temperate zone grasshoppers only feed during a small portion of day 
(Uvarov 1977). Temperature is positively correlated with grasshopper food consumption 
except at very low temperatures (Parker 1930). Depending upon the prevailing season, 
most of the feeding done by grasshoppers is at night just after sunset (Evans et al. 1983, 
Gardiner et al. 2005) and night trapping is the most suitable technique to accurately 
measure densities of grasshoppers. 
Our results demonstrate that some grasshopper species are associated with 
geographic features. Numerous earlier works have related grasshopper species 
distributions and densities with various geographic features including soils and vegetation 
(Skinner and Child 2000). Omernik’s ecoregions used in this study each have distinct soil 
and vegetation characteristics.  
The relationships of grasshopper species to different ecoregions are likely related 
to a variety of factors including diet preference and suitable oviposition habitats. 
Numerous authors have found differences between species in host plant preferences 
(Isley 1938, Mulkern et al. 1969, Craig et al. 1999) and that species also differ in 
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oviposition site choice based on soil type, moisture, and vegetative cover (Edwards and 
Epp 1965). 
While the results of this study show strong correlations with ecoregions at the 
species level, various weaknesses of this study make determination of causation 
impossible. For example, the location from which sweep samples were obtained was not 
truly randomized and was only taken from rangeland habitats. Thus, ecoregion 
correlations involving species often associated with areas such as cropland or even 
riverine woodlands may have been missed. 
Anthropogenic impacts may vary dramatically by ecoregions. While large 
amounts of cropland exist in Central Great Plains ecoregion, very little exists in the 
Nebraska Sand Hills (Veneman et al. 2004). These differences stem from differences in 
soil and drainage, both of which affect the success of growing crops. Non-native plants 
such as downy brome (Bromus inermis Leyss.) and smooth brome (Bromus tectorum L.) 
may establish in some ecoregions but not others, largely as a result of soil characteristics. 
For example, while smooth brome has become the predominant grass species in much of 
the rangeland in Central Great Plains ecoregion, it is not commonly seen in the Nebraska 
Sand Hills (M. Brust personal observation). 
The abundance of smooth brome in the Central Great Plains ecoregion may have 
a strong effect on the relative densities of grasshopper species such as A. deorum. While 
A. deorum is commonly found in areas with heavy soils as well as those with sandy soil, 
it is typically common in areas with an abundance of bare soils patches (Pfadt 2002). 
Smooth brome typically forms dense stands with little if any bare soil exposed 
(Blankespoor 1987). However, many parts of Central Great Plains were once dominated 
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by warm season grass species, many of which grow as bunch grasses, allowing the 
occurrence of bare patches of soils between stands. This suggests that A. deorum might 
have once been much more abundant in the Central Great Plains ecoregion. 
Small scale variations in land use may also have affected our results. Numerous 
studies have shown that overgrazing can have significant impacts on grasshopper 
community composition (Joern 1982, Onsager 1996). However, the combination of 
predominant species often associated with overgrazing [Opeia obscura, Phlibostroma 
quadrimaculatum (Thomas), T. kiowa] was only noted in few samples in the eastern half 
of Nebraska. 
Our results support the occurrence of areas considered chronically infested with 
large numbers of one or a few grasshopper species, as was found in the study by 
Lockwood and Schell (1997) in Wyoming. The Nebraska Sand Hills ecoregion (level 3) 
appears to be constantly infested by A. deorum. However our analysis at level 4 suggests 
that areas most often chronically infested may be mostly limited to the Sand Hills and 
Alkaline Lakes Area within the Nebraska Sand Hills. Our three years study suggests 
these two level 4 ecoregions may present a hotspot for this species. 
Tools such as GIS have proven useful in the study of grasshopper monitoring and 
management.  While several previous studies have used GIS for modeling grasshopper 
populations, few have focused at the species level, and none have done so at the scale 
presented here. Thus the relationship of grasshopper density to sampling methods applied 
must be understood (Gardiner et al. 2005). 
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Table 1. Pairwise comparisons for the mean relative densities of twenty grasshopper species across level 3 ecoregion of Nebraska.  Significant 
difference in the mean densities of species between ecoregions (< 0.05) is indicated in bold. 
 
 
 
 
 
 
 
 
 
 
 
 
HP: High Plains, NSH: Nebraska Sand Hills, CGP: Central Great Plains, NGP: Northwestern Glaciated Plains, NWGP: Northwestern Great Plains
Species 
HP x 
CGP 
HP x 
NGP 
HP x 
NSH 
HP x 
NWGP 
NSH x 
CGP 
NSH x 
NWGP 
NSH x 
NGP 
NWGP 
x CGP 
NWGP 
x NGP 
NGP x 
CGP 
Ageneotettix deorum <0.001 <0.001 <0.001 0.013 <0.001 0.255 <0.001 <0.001 0.003 0.667 
Amphitornus coloradus 0.268 0.554 0.603 0.982 0.451 0.822 0.713 0.591 0.672 0.977 
Aulocara elliotti 0.008 0.139 <0.001 0.578 1.000 0.479 1.000 0.496 0.574 1.000 
Cordillacris occipitalis 0.988 0.586 0.761 0.985 0.778 0.921 0.676 0.980 0.721 0.592 
Campylacantha olivacea <0.001 <0.001 <0.001 0.005 0.848 0.932 0.920 1.000 1.000 1.000 
Eritettix simplex 0.951 0.973 0.953 0.965 0.988 0.946 0.994 0.943 0.953 1.000 
Hesperotettix speciosus 0.851 0.813 0.766 0.822 0.955 0.909 0.916 0.894 0.984 0.899 
Hesperotettix viridis 0.669 0.810 0.730 0.926 0.868 0.969 0.930 0.914 0.929 1.000 
Melanoplus angustipennis 0.008 0.407 <0.001 0.414 <0.001 0.007 0.002 0.667 0.926 0.525 
Melanoplus bivittatus 0.252 0.506 0.223 0.853 0.852 0.777 0.904 0.725 0.761 0.983 
Melanoplus confusus 0.255 0.514 0.203 0.768 0.896 0.848 0.934 0.810 0.836 0.990 
Melanoplus femurrubrum 0.239 0.019 0.684 0.679 0.353 0.563 0.009 0.341 0.204 0.004 
Melanoplus sanguinipes <0.001 <0.001 <0.001 <0.001 0.086 <0.001 0.389 <0.001 <0.001 0.966 
Mermiria bivittata 0.458 0.757 0.978 0.915 0.433 0.922 0.760 0.810 0.900 0.918 
Opeia obscura 0.129 0.408 0.096 0.151 0.002 0.415 0.106 0.035 0.085 0.982 
Orphulella speciosa 0.590 0.544 0.767 0.880 0.742 0.968 0.627 0.919 0.770 0.768 
Paropomala wyomingensis 0.630 0.833 0.865 0.905 0.501 0.852 0.768 0.914 0.962 0.954 
Phoetaliotes nebrascensis 0.008 0.263 0.009 0.700 <0.001 0.162 0.960 0.390 0.282 0.011 
Spharagemon collare 0.669 0.904 0.822 0.868 0.507 0.797 0.819 0.971 0.959 0.908 
Trachyrhachys kiowa 0.114 0.372 0.116 0.002 0.727 <0.001 0.848 <0.001 0.002 0.995 
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Table 2. Pairwise comparisons for the mean relative densities of grasshopper species at level 4 ecoregion within level 3 ecoregion of the Nebraska 
Sand Hills in Nebraska.  Significant difference in mean density of species between ecoregions (< 0.05) is indicated in bold. 
ALA: Alkaline Lakes Area, LA: Lakes Area, SH: Sand Hills, WMMP: Wet Meadows and Marsh Plains.
Species ALA × LA ALA × SH ALA × WMMP SH × LA LA × WMMP SH × WMMP 
Ageneotettix deorum  <0.0001 <0.0001 <0.0001 0.265 0.127 0.011 
Campylacantha olivacea  0.827 0.942 0.980 0.818 0.867 0.976 
Melanoplus angustipennis  <0.0001 <0.0001 <0.0001 0.861 0.340 0.223 
Melanoplus femurrubrum 0.787 0.909 0.582 0.799 0.721 0.556 
Melanoplus sanguinipes  0.107 0.124 0.136 0.629 0.856 0.585 
Phoetaliotes nebrascensis  0.093 0.094 0.031 0.0682 0.396 0.207 
Trachyrhachys kiowa 0.640 0.573 0.670 0.998 0.964 0.960 
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Table 3. Pairwise comparisons for the mean relative densities of species in level 4 ecoregions within level 3 ecoregion of High Plains in 
Nebraska. Significant difference in mean density of species between ecoregions (< 0.05) is indicated in bold. 
MRR: Moderate relief Rangeland, PBH: Pine Bluffs and Hills, PRE: Pin Ridge Escarpment, PRVT: Platte River Valley and Terraces, RSP: Rolling 
Sand Plains, SST: Sandy and Silty Tablelands.
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Ageneotettix deorum  <0.0001 0.012 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.557 0.322 0.922 <0.0001 <0.0001 0.141 <0.0001 
Campylacantha olivacea  0.964 1.000 1.000 1.000 1.000 0.967 1.000 1.000 1.000 0.979 1.000 1.000 1.000 0.972 0.963 
Melanoplus angustipennis  0.848 0.472 0.878 0.879 0.430 0.333 0.752 0.656 0.143 0.787 0.974 0.524 0.433 0.756 0.487 
Melanoplus femurrubrum 0.386 0.933 0.196 0.816 0.928 0.484 0.230 0.771 0.866 0.396 0.171 0.174 0.870 0.360 0.320 
Melanoplus sanguinipes  <0.0001 0.120 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.005 0.480 0.757 0.057 0.003 0.156 0.024 
Phoetaliotes nebrascensis  0.058 0.008 0.332 0.965 0.942 0.238 0.443 0.027 0.009 0.936 0.361 0.350 0.918 0.132 0.061 
Trachyrhachys kiowa 0.773 0.920 0.775 0.611 0.791 0.709 0.732 0.570 0.886 0.895 0.922 0.653 0.467 0.744 0.551 
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Table 4. Pairwise comparisons for mean relative densities of species at level 4 ecoregions within level 3 ecoregions of Northwestern Great Plains 
(NWGP), Northwestern Glaciated Plains (NGP) and Central Great Plains (CGP). Significant difference in mean density of species ecoregions 
(<0.05) is in bold. 
 NWGP NGP CGP   
Species KPT × SPSP HT × SRB CNLP  × PRV RPB  × CNLP RPB × PRV 
Ageneotettix deorum  0.046 0.724 0.991 0.856 0.958 
Campylacantha olivacea  0.821 0.892 0.996 0.984 1.000 
Melanoplus angustipennis  0.778 0.871 1.000 1.000 1.000 
Melanoplus femurrubrum 0.763 0.515 0.917 0.667 0.996 
Melanoplus sanguinipes  0.888 0.701 0.995 0.989 0.992 
Phoetaliotes nebrascensis  0.004 1.000 0.941 0.864 0.972 
Trachyrhachys kiowa <0.0001 1.000 1.000 0.991 0.998 
KPT: Keya Paha Tablelands, SPSP: Semiarid Pierre Shale Plains, HT: Holt Tablelands, SRB: Southern River Breaks, CNLP: Central Nebraska Loess Plains, 
PRV: Platte River Valley, RPB: Rolling Plains and Breaks.
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Figure 1. Map of Nebraska showing borders of level 3 ecoregions. Thick black line depicts eastern edge of survey area.
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Figure 2. Map of Nebraska showing borders of level 4 ecoregions.  Thick black line depicts eastern edge of survey area. 
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Figure 3. Hierarchical cluster analysis and heat map of the twenty grasshopper species collection 
for level 3 ecoregion. Each grasshopper is aligned along the horizontal axis, with ecoregion by 
distribution-level aligned along the vertical axis. Higher relative densities are indicated by a trend 
towards dark blue to light blue color, lower relative densities are indicated by decreasing intensity 
of blue color, and white indicates no numbers. 
*Ad: Ageneotettix deorum Ac: Amphitornus coloradus Ae: Aulocara elliotti Coc: Cordillacris 
occipitalis Col: Campylacantha olivacea Es: Eritettix simplex Hs: Hesperotettix speciosus Hv: 
Hesperotettix viridis Ma: Melanoplus angustipennis Mbtus: Melanoplus bivittatus Mc: 
Melanoplus confuses Mf: Melanoplus femurrubrum Ms: Melanoplus sanguinipes Mbta: 
Mermiria bivittata Oo: Opeia obscura Os: Orphulella speciosa  Pw: Paropomala wyomingensis 
Pn: Phoetaliotes nebrascensis Sc: Spharagemon collare Tk: Trachyrhachys kiowa. 
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Figure 4. Hierarchical cluster analysis and heat map of the twenty grasshopper species collection 
for level 4 ecoregion. Each grasshopper is aligned along the horizontal axis, with ecoregion by 
distribution-level aligned along the vertical axis. Higher relative densities are indicated by a trend 
towards dark blue color, lower relative densities are indicated by decreasing intensity of blue 
color, and white indicates no numbers. 
*Ad: Ageneotettix deorum Ac: Amphitornus coloradus Ae: Aulocara elliotti Coc: Cordillacris 
occipitalis Col: Campylacantha olivacea Es: Eritettix simplex Hs: Hesperotettix speciosus Hv: 
Hesperotettix viridis Ma: Melanoplus angustipennis Mbtus: Melanoplus bivittatus Mc: 
Melanoplus confuses Mf: Melanoplus femurrubrum Ms: Melanoplus sanguinipes Mbta: 
Mermiria bivittata Oo: Opeia obscura Os: Orphulella speciosa  Pw: Paropomala wyomingensis 
Pn: Phoetaliotes nebrascensis Sc: Spharagemon collare Tk: Trachyrhachys kiowa. 
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Chapter 3  
Host-specific Forms of Melanoplus bowditchi (Orthoptera: Acrididae) 
are Indistinguishable Genetically and in Aedeagi Morphology 
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Abstract 
 
The sagebrush grasshopper, Melanoplus bowditchi Scudder (Orthoptera: 
Acrididae), is a phytophilous species that is widely distributed in the western United 
States on sagebrush species.  The M. bowditchi bowditchi Scudder and M. bowditchi 
canus Hebard were described based on their feeding association with different sagebrush 
species. The geographical distribution of M. bowditchi is very similar to the range of its 
host plants and its feeding association varies in relation to sagebrush distribution.  Two 
forms ―M. frigidus‖ and ―M. tridentatus‖ along with the described subspecies of M. 
bowditchi were compared for their morphological and genetic differences. We observed 
no consistent differences among the aedeagal parameres or basal rings of the four forms 
studied.  Amplified Fragment Length Polymorphism markers were used to test the 
genetic relationships among the forms.  Analysis of Molecular Variance and distance-
based Unweighted Pair Group Method with Arithmetic mean dendrogram failed to reveal 
significant differences among forms. Although the forms show behavioral and minor 
morphological differences, the genetic data showed all forms under study to be one 
breeding population, which indicates they are a single species instead of four species or 
subspecies. The results of this study indicate the influence of host plant use on phenotype 
and suggest the need of further genetic analysis of subspecies recognized based on 
morphology. 
  
Key Words: Melanoplus bowditchi, male genitalia, genetics, AFLP 
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Introduction 
 
The sagebrush grasshopper, Melanoplus bowditchi Scudder, was described by 
Scudder in 1878 (Scudder 1897). This grasshopper is a phytophilous species that is 
widely distributed in the grasslands of the western United States.  Although it occurs in 
mixed-grass, shortgrass, desert shrub and bunchgrass prairies, it feeds almost exclusively 
on sagebrush species (Mulkern et al. 1969) and its distribution is dependent on sagebrush 
plants. It is potentially damaging, especially for silver sagebrush, Artemisia cana Pursh 
(Pfadt 1994). Sand sagebrush, Artemisia filifolia Torrey is usually associated with deep 
sand deposits and serves as the host plant for M. bowditchi in the areas where silver 
sagebrush is limited, while silver sagebrush,  A. cana, is broadly distributed through 
western North America (Harvey 1981).  
The subspecies, M. bowditchi bowditchi Scudder was proposed after the 
description of M. bowditchi canus Hebard (Hebard 1925). The original series of M. 
bowditchi bowditchi was found feeding on A. filifolia, while M. bowditchi canus was 
collected from big sagebrush, Artemisia tridentata Nuttall (Hebard 1925). Hebard (1925) 
suggested that the gray patterned coloration of M. bowditchi canus was a result of a close 
relationship to the Melanoplus cinereus group rather than to other forms of the 
Melanoplus flavidus group (Hebard 1925). Melanoplus bowditchi canus is usually dark 
gray in color and is common in the northern Great Plains. Its preferred food plant is A. 
cana, although it has also been observed feeding on other sagebrush species. It is 
normally found on taller plants until after oviposition, when it becomes abundant on 
shorter plants. It is seldom found on the ground (Anderson and Wright 1952). In 
65 
 
 
comparison to M. bowditchi canus, M. bowditchi bowditchi has a larger body size, bright 
yellow and brown colors, and very clear tegmina (Hebard 1925).  
Geographical differences in host use might be the result of environmentally based 
variation among populations.  For example, areas with abundant hosts and frequent 
oviposition show a high level of host acceptance resulting in less use of low-ranking 
hosts.  Where preferred plants are uncommon or their availability is obscured by related 
members of the plant community (Tahvanainen and Root 1972), thresholds for host 
acceptance are expected to fall, making the use of other plants more likely (Stanton and 
Cook 1983, Wiklund 1975). 
As a group, grasshoppers are somewhat unusual among herbivorous insects in that 
most are polyphagous, feeding selectively on plant species from a number of unrelated 
plant families (Otte and Joern 1977).  Because of their polyphagy, most grasshopper 
populations are not expected to experience disruptive selection associated with host 
choice.  There are, however, some grasshopper species with restricted host ranges and a 
small number that are truly host specific (Otte and Joern 1977, Sword and Dopman 
1999). Host specific grasshoppers also show differences in development rates, prolonged 
existence, and size relating to host use (Traxler and Joern 1999).  Host plant-associated 
genetic differences have also been observed in the study of Hesperotettix viridis 
(Thomas) and Schistocera lineata Scudder (Sword et al. 2005). 
Recent observations have revealed forms of M. bowditchi which feed on other 
Artemisia species and winterfat [Krascheninnikovia lanata (Pursh) A. Meeuse and Smit]. 
These forms seem to be distinct both morphologically and behaviorally.  The names 
―frigidus‖ and ―tridentatus‖ are used in this study for the unnamed forms collected from 
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these hosts to differentiate them from the described subspecies. The frigidus form of M. 
bowditchi has been collected from fringed sagebrush, Artemisia frigida Willd. Fringed 
sagebrush is common in dry, well-drained soils or in disturbed areas. In mixed-grass 
prairie it is found with western wheatgrass [Pascopyrum smithii (Rydb.) A. Love], blue 
grama [Bouteloua gracilis (Willd. ex Kunth) Lag. ex Griffiths], and winterfat. The dark 
gray and dull form of M. bowditchi ―tridentatus‖, which is very similar to ―frigidus‖, is 
found on A. tridentata Nutt., which is one of the most widely distributed shrubs in 
western North America. Six host plants are identified for M. bowditchi in Pfadt (1994), 
with the primary hosts being silver sagebrush, A. cana, and sand sagebrush, A. filifolia. 
The other four species of sagebrush, along with silver sagebrush, are found in mixed- 
grass prairie and are reportedly consumed in minute quantities by M. bowditchi (Pfadt 
1994). 
Melanoplus flavidus Scudder was described in 1879 (Scudder 1897) and is easily 
confused with M. bowditchi, but can be differentiated by habitat and male furculae (Brust 
et al. 2008).  However, we have recently found that both species may co-occur in sandy 
grasslands in western Nebraska, sometimes being collected within a few meters of each 
other. Melanoplus flavidus Scudder is commonly found in sandy grasslands.  
The objective of this research was to examine the genetic and aedeagal 
characteristics for the forms of M. bowditchi associated with different sagebrush species 
and to test our hypotheses that M. bowditchi “frigidus”, M. bowditchi“tridentatus”, M. 
bowditchi canus and M. bowditchi bowditchi are four distinct species.  
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Materials and Methods 
Insects. —A series of  adult  M. bowditchi canus, M. bowditchi bowditchi, an 
unnamed form of M. bowditchi ―frigidus‖, and close and distant out-groups M. flavidus 
and Spharagemon collare (Scudder) were collected from western Nebraska, while 
another unnamed form of M. bowditchi ―tridentatus‖, was collected from South Dakota 
during the summer of 2010 (Table 5, Figures 9-12). Specimens were identified based on 
the available literature of Bruner (1897), Scudder (1897), Pfadt (2002) and Brust et al. 
(2008).  
Aedeagal analysis.—For aedeagal studies, abdomens of  three M. bowditchi 
bowditchi, three M. bowditchi ―frigidus‖, three M. bowditchi ―tridentatus‖ and four M. 
bowditchi canus were examined (Table 5).  In each case the terminal part of the abdomen 
was separated, intestinal contents removed, and the remaining structure soaked in a 
solution of 5 % NaOH for 8-10 h, transferred to 70% ethanol for 10 min., and the aedeagi 
removed. Aedeagi were cleaned under a dissecting microscope to remove connective 
tissue. They were preserved in 70% ethanol until examination. Photographs of aedeagi 
were taken through a dissecting microscope. A comparison was made of the structure of 
the terminal end of the aedeagus, especially in regard to paramere structure and angle.  
Genetic Analysis   
 
Extraction and Quantification of DNA.—The locations, date of collection, 
number of specimens and plants from which specimens were collected for genetic 
analysis are presented in Table 6. Hind femora of specimens of each form were preserved 
in 95% ethanol and stored at -80 
o
C prior to genetic and aedeagal studies.  A total of 11 
M. bowditchi bowditchi, 10 M. bowditchi canus, eight M. bowditchi ―frigidus‖, three M. 
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bowditchi ―tridentatus‖, six M. flavidus and three Spharagemon collare (Scudder) were 
examined for genetic differences (Table 6). DNA was isolated from the hind femur of 
each form specimen using a cetyletrimethylammonium bromide (CTAB) extraction 
protocol modified from Doyle and Doyle (1987).  Each hind femur was placed in an 
autoclaved 1.5 ml microcentrifuge tube and rinsed for 10 min in Nanopure® water.  The 
entire hind femur was homogenized  in 250 µl CTAB buffer (100 mM Tris-HCl, 1.4 M 
NaCl, 0.02 M EDTA, 2% CTAB, and 0.2% β-mercaptoethanol) using sterile white quartz 
sand and plastic pestles. Another 250 µl of CTAB was added to the tubes to make a 
volume of 500 µl. RNase A (15 µl of 0.05 g ml
-1
) was added to each tube, and incubated 
for 2 h at 65 
o
C. Proteinase K (15 µl of 0.02 g ml
-1
) was added, and incubated for 1h at 37 
o
C. Samples were centrifuged for 5 min at 20 
o
C and 12,000 rpm. The supernatant from 
each tube was transferred to new autoclaved tubes and the tissue discarded. Chloroform: 
isoamyl alcohol (24:1) (500 µl) was added to the supernatant, and tubes were centrifuged 
at room temperature for 20 min at 12,000 rpm. The upper aqueous layer was transferred 
to new 1.5 ml Eppendorf tubes and the chloroform: isoamyl alcohol step was repeated to 
isolate the refined top aqueous phase. Chilled isopropanol (400 µl, -20 
o
C) was added to 
the tubes to precipitate the DNA, and samples were stored over night at 4 ºC.  
Samples were centrifuged at 12,000 rpm for 30 min at 4 
o
C, to form a pellet of 
DNA at the bottom of the tube. The supernatant was discarded, and the DNA was washed 
with 400 µl of chilled absolute ethanol followed by centrifugation for 5 min. The 
supernatant was decanted and the wash was repeated using 70% ethanol. Tubes were 
centrifuged again for 5 min, then the ethanol was removed and the samples allowed to air 
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dry. The pelleted DNA was suspended in 50 µl autoclaved 1x TE buffer (10 mM Tris-
HCL, 0.1 mM EDTA).   
AFLP-PCR methods for genetic analysis.—The Amplified Fragment Length 
Polymorphism (AFLP) technique, modified from Vos et al. (1995) was used for DNA 
analysis.  AFLP consisted of digestion using MseI and EcoRI restriction enzymes, 
ligation of specific nucleotide adapters, a preselective amplification using universal 
primers, and a selective amplification using specific primer pairs. 
Template preparation.—Restriction digestion was performed using 1.25 µl NEB 
Buffer 4 (New England Biolabs, Foster City, CA), 0.125 µl bovine serum albumin (New 
England Biolabs), 0.0625 µl EcoRI, 0.0625 µl MseI (New England Biolabs), 3.94 µl 
Nanopure® water and 7 µl of ~20ng/µl DNA template for a total volume of 12.5 µl. The 
restriction digestion was incubated on a GeneAmp 2720 thermal cycler (Applied 
Biosystems, Foster City, CA, USA) at 37 
o C for 2.5 h.  A ligation mixture (5 μl) 
consisting of 0.5 µl EcoRI and MseI prepared adapters, (Integrated DNA Technologies, 
Coralville, IA, USA), 0.5 µl T4 DNA ligase, 0.15 µl 10x T4 DNA ligase buffer (New 
England Biolabs),  and 3.35 µl Nanopure® water was dispensed into the tubes containing 
the digestion product and incubated at 25 
o
C for 8 h. The ligation product was then 
diluted using 135 µl of 1x TE buffer. A Nanodrop® spectrophotometer (Thermo Fisher 
Scientific, Walltham, MA, USA) was used to determine the quantity and quality of DNA 
in ng/µl from each tube. 
Preamplification.—A preamplification mix consisting of 10 µl Preamlification 
Primer Mix II (LI-COR Biosciences, Lincoln NE, USA), 0.25 µl Amplitaq 360 DNA 
polymerase, 0.75 µl 25 mM MgCl2, and 1.25 µl 10x PCR buffer II (Applied Biosystems, 
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Foster City, CA) was mixed with 1.25 µl of ligation product and run on a PCR program 
of 20 cycles (30 s at 94 
o 
C, 1 min at 56 
o 
C, and 1 min at 72 
o 
C), then stored at 4 
o
C.  
Nanopure® water was used to dilute the product to a ratio of 1:20. A combination of 
different primer sets was tested and the best working primer sets for grasshopper DNA 
were chosen (Table 8). Nucleotide sequences of adapters, preamplification primers and 
selective primers used are shown in Table 7. 
Selective amplification.—The selective PCR mix was prepared consisting of 1.2 
µl 10x PCR buffer II, 0.72 µl 25 mM MgCl2, 0.24 µl (10 mM) deoxynucleotide 
triphosphate mix, 0.07 µl Amplitaq 360 DNA polymerase (Applied Biosystems), 0.5 µl 
of Msel primer (5.0 μM), 0.3 µl EcoRI (1.0 μM) IRD-700 labeled primer (Integrated 
DNA Technologies, Coralville, IA), 6.97 µl nanopure® water, and 1.5 µl of the 
preamplification template DNA. This step was performed in the dark due to light 
sensitivity of the labeled primers. Selective amplification was performed on a GeneAmp 
2720 thermal cycler (Applied Biosystems) with one pre-PCR cycle (30 s at 94 
o
C, 30 s at 
65 
o
C, 1 min at 72 
o
C), 12 cycles of 30 s at 94 
o
C, 30 s at 65
 oC → 56 oC, 60 s at 72 oC, 
and 23 cycles of 30 s at 94 
o
C, 30 s at 65 
oC→56 oC and 60 s at 72 oC.  Blue stop solution 
(LI-COR Biosciences, Lincoln, NE) (2.5 μl) was used to end the reaction.  The product 
was then denatured for 3 min at 94 
o
C and stored at -20 
o
C. 
Data scoring and analysis.—The amplified DNA was electrophoresed in KBplus 
6.5% polyacrylamide gel on a GeneReader 4200 DNA analyzer (LI-COR Biosciences) 
which detects bands through infrared inflorescence. An IRDye-700 labeled 50-700 bp 
size standard was used to estimate fragment size. The correlation of % coefficient of 
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variation and the total number of markers was estimated using Bootsie (Payne et al. 
2011).  
Gels were scored on Saga Generation 2 version 3.3.0 software (LI-COR 
Biosciences).  Data were converted to a binary matrix for analysis, with 1 = presence of a 
band and 0 = absence of band.  Data were analyzed using Arlequin version 3.5 (Excoffier 
and Lischer 2010) and Popgene version 1.32 (Yeh et al. 1999). Phylogenetic relationships 
were examined using distance-based methods for the different host associated M. 
bowditchi. An Unweighted Pair Group Method with Arithmetic mean (UPGMA) 
dendrogram was constructed using presence/absence characters with the software 
package PAUP* version 4.0beta (Swofford 2001). Bootstrapping was performed with 
1,000 replicates.   
Results 
 
Aedeagal study.—All examined forms of M. bowditchi (M. bowditchi bowditchi, 
M. bowditchi canus, M. bowditchi ―frigidus‖, and M. bowditchi ―tridentatus‖) had 
indistinguishable aedeagi. The structure and angle of parameres overlapped among 
specimens (Figures 5 and 6). 
Genetic Variation Study.—The M. bowditchi populations were initially screened 
for a total of 10 primer pairs out of which six primer pairs (Table 8) were selected for 
analysis. A total of 469 markers were scored using the six primer pairs and 63% of the 
loci were polymorphic. The Bootsie (Payne et al. 2011) results showed that 
approximately 96% of the variation in the M. bowditchi populations was explained by the 
markers (Figure 7).   
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The M. bowditchi populations were arranged in two groups: M. bowditchi 
“tridentatus” and M. bowditchi “frigidus” in group 1 and M. bowditchi bowditchi and M. 
bowditchi canus in group 2 (Table 10). The AMOVA showed the majority of molecular 
variation (86.8%) occurred within populations. Only 7.9% of the genetic variation 
occurred among populations within groups while the remaining 5.3% was due to the 
variation among groups (Table 9).  
Nei’s (1973) gene diversity (GST) is described as the coefficient of gene 
differentiation, while fixation index (FST) is the measure of differentiation in sub-
populations and is only applicable when there are only 2 alleles at a locus. Nei’s genetic 
diversity (GST) is analogous to Wright’s genetic divergence (FST). GST measures the 
degree of differentiation in multiple populations. The genetic divergence (FST) and gene 
diversity (GST) were low ( 0.1320 and 0.0879 respectively), indicating a high degree of 
within population variation (86.8%) and low variation among groups (5.3%).The Nm 
values (5.1905) were high (Table 10) suggesting extensive gene flow between 
populations. 
A dendrogram was constructed using a distance-based Unweighted Pair Group 
Method with Arithmetic mean (UPGMA). The UPGMA analysis did not reveal 
significant genetic structure difference among the M. bowditchi populations. There were 
few nodes with bootstrap values greater than 70% (Figure 8). The population of M. 
bowditchi ―frigidus‖ appears to be separated from the rest of the populations but with one 
M. bowditchi bowditchi in the middle of the apparent clade (Figure 8). 
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Discussion 
 
A number of phytophagous insect species contain locally adopted host specific 
populations, although they utilize a number of host plants across their range (Futuyma 
and Peterson 1985, Thompson 1994), but this phenomenon is only occasionally observed 
in grasshoppers (Sword and Dopman 1999).  The sagebrush grasshopper M. bowditchi 
feed primarily on several species of sagebrush, although A. cana and A. filifolia serve as 
the major host plants (Mulkern et al. 1969, Pfadt 1994). The geographical distribution of 
these two plants is very similar to the range of M. bowditchi (Pfadt 1994), and the feeding 
preference of this grasshopper varies in relation to the local environment. For instance, 
the crop content studies for M. bowditchi collected from North Dakota showed a 
preference to silver sagebrush, A.cana, while the populations from western Nebraska 
preferred A. filifolia as their primary host (Pfadt 1994). In Nebraska, we identified four 
forms feeding on different plant species. However, we found no genetic differentiation or 
distinct lineages for M. bowditchi in relation to different host plants from which 
specimens were collected. The aedeagi of both named and unnamed forms of Melanoplus 
bowditchi also showed no difference in their paramere angle, general appearance, or basal 
rings suggesting that they are physically able to interbreed.   
Tests of genetic variability among populations showed results similar to the 
conclusions of Brust et al. (2010) who found no genetic differences among M. foedus 
foedus (Scudder), M. foedus fluviatilis Bruner, and M. packardii Scudder. Also, Chapco 
and Litzenberger (2002), found no genetic differences between M. foedus and M. 
packardii nor between M. angustipennis and M.  femurrubrum . The Analysis of 
Molecular Variance indicates that most of the variation (86.8%) was within populations 
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with a small portion (5.3%) observed among groups, suggesting frequent interbreeding. 
Similarly, the variation among M. bowditchi forms was low, supporting consistent gene 
flow. The FST value of 0.1320 supports the conclusion that genetic exchange occurring 
among the four subpopulations was sufficient to prevent either genetic differentiation or 
structuring into genetically differentiated subpopulations of M. bowditchi.  
We found GST values between 0.06 and 0.2.  A GST value of 1 would indicate 
nearly complete isolation of subpopulations while 0 indicates no isolation. A  GST value 
greater than 0.5 indicates some genetic isolation among subpopulations (Nei 1987).Thus, 
the low GST in this study reflect the relative measure of variation between subpopulations 
with reference to total variation (Table 10). In this study, we were unable to identify any 
clusters in the dendrogram (Figure 8) that could separate the populations of M. bowditchi 
into distinctive groups. Moreover, M. bowditchi populations did not cluster together 
based on host plant with the majority of the individuals interspersed with each other, 
although most of the M. frigidus grouped together.  
Melanoplus bowditchi bowditchi is found in southern grass plains, while M. 
bowditchi canus occurs in the northern sagebrush plains. The ranges broadly overlap in 
Wyoming and southwestern South Dakota (Hebard 1929). Even though there are some 
differences of color, size, and host preference between the two described subspecies of 
M. bowditchi, it is important to question the rationale of naming a subspecies solely on 
food preference. The specimens used in this study were collected feeding on specific 
plants. In this study M. bowditchi canus was collected feeding on winterfat (K. lanata) 
and M. bowditchi bowditchi on A. filifolia.  
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While M. flavidus is morphologically very similar to M. bowditchi, the most 
reliable method to differentiate M. bowditchi from M. flavidus is by the base of the 
external male genitalia (Scudder and Vickery 1985, Brust et al. 2008). In addition, the 
tips of the male furculae in M. bowditchi are distinctly rounded, while they are strictly 
squared off in M. flavidus (Brust et al. 2008). Melanoplus flavidus feeds mostly on forbs, 
but it has also been reported to consume some grasses. Known hosts include Kentucky 
bluegrass (Poa pratensis L.), western ragwood (Ambrosia psilostachya DC.), leadplant 
(Amorpha canescens Pursh), and prairie sunflower (Helianthus petiolaris Nutt). 
Each form collected from different hosts appears to differ in behavior. M. 
bowditchi bowditchi (Figure 9) and M. bowditchi canus (Figure 12) are both very active 
forms, typically jumping and flying to another sagebrush shrub when approached within 
two meters or moving into the basal branches.  M. bowditchi ―frigidus‖ (Figure 10) 
generally does not fly far and must be disturbed before they jump or fly.  M. bowditchi 
―tridentatus‖ (Figure 11) is more sedentary than other Melanoplus forms. The unknown 
forms under study, M. bowditchi ―frigidus‖ and M. bowditchi ―tridentatus‖ feed on 
specific plants but do not appear to be the result of genetic differences. Miller (1987) and 
Futuyma (1990) documented host-specific phenotypes in papilionid butterflies and 
Ophraella leaf beetles. Melanoplus bowditchi “frigidus‖ tend to feed on A. frigida, an 
introduced plant species to northern central states (Harvey 1981) and has become one of 
most important and widespread shrubs in western America, serving as a feeding host for 
M. bowditchi”tridentatus‖.  
Insect herbivores have been found to allocate themselves among plants according 
to secondary chemistry within a defined set of hosts (Berenbaum 1981). In the current 
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study of M. bowditchi, it is likely that plant chemistry plays an important role in defining 
the variety of plants that can be exploited. Further detailed investigations for M. 
bowditchi with morphological and behavioral differences associated with host-plant use 
should be investigated. It might be helpful to examine the genetic variation on a larger 
scale. The use of the trinomial for M. bowditchi appears invalid. In this case of M. 
bowditchi it appears that each color morph examined is associated with a different host 
and geography and may represent phenotypes influenced by the environment. Phenotypic 
plasticity may be driving the appearance of these color morphs, although the cause is 
unclear.  It is potentially related to the diet of the immature stages, but other 
environmental factors may play a role.  It is unknown how variable this species is west of 
the Rocky Mountains.     
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Table 5. Collection information (species, state, county location, host plant and date) for specimens used in aedeagus analysis. 
Species State County Location Host Plant Date Quantity 
Melanoplus bowditchi bowditchi Nebraska Morill 
14.4 km SW of 
Alliance 
Artemisia filifolia July 24, 2010 3 
Melanoplus bowditchi “frigidus” Nebraska Dawes 
8 km  S of 
Chadron 
Artemisia frigida July 24, 2010 3 
Melanoplus bowditchi 
“tridentatus” South Dakota 
Fall 
River 
24 km N of 
Ardmore 
Artemisia tridentata 
August 21, 
2010 
3 
Melanoplus bowditchi canus Nebraska 
Scotts 
Bluff 
12 km N of 
Minatare 
Krascheninnikovia 
lanata 
July 17, 2010 4 
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Table 6. Collection information (species, state, county location, host plant and date) for specimens of M. bowditchi used in genetic 
analysis. 
Species State County Location Host Plant Date 
Quantit
y 
Melanoplus bowditchi ―frigidus‖ Nebraska Dawes 8 km S of Chadron Artemisia frigida 
July 24, 2010;  
August 7, 2010 
8 
Melanoplus bowditchi 
―tridentatus‖ 
South 
Dakota 
Fall 
River 
24 km N of Ardmore Artemisia tridentata August 21, 2010 3 
Melanoplus bowditchi bowditchi Nebraska Morrill 
17.7 km SW of 
Alliance, 6.4 km E of 
Broadwater 
Artemisia filifolia July 9, 2010 11 
Melanoplus bowditchi canus Nebraska 
Scotts 
Bluff 
12 km N of Minatare 
Krascheninnikovia 
lanata 
July 18, 2010 10 
Melanoplus flavidus (out-group) Nebraska Dawes 4.8 km S of Chadron  August 22, 2010 6 
Spharagemon collare (out-
group) 
Nebraska Dawes 4.8 km S of Chadron  August 22, 2010 3 
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Table 7. Nucleotide sequences of adapters, preamplification primers and selective 
primers used. Sequences were described by Vos et al. (1995). 
Oligonucleotide Purpose Sequence 
 
EcoRI-1 (forward) 
 
Adapter 
 
5´-CTCGTAGACTGCGTACC-3´ 
EcoRI-2 (reverse)  Adapter  5´-AATTGGTACGCAGTCTAC-3´ 
MseI-1   (forward)  Adapter  5´-GACGATGAGTCCTGAG-3´ 
MseI-2    (reverse)  Adapter  5´-TACTCAGGACTCAT-3´ 
E (N+0) Preamp Primer 5´-GACTGCGTACCAATTC-3´ 
M (N+1)  Preamp Primer  5´-GATGAGTCCTGAGTAAC-3´ 
M-CAA  Selective Primer  5´-GATGAGTCCTGAGTAACAA-3´ 
M-CTC  Selective Primer  5´-GATGAGTCCTGAGTAACTC-3´ 
M-CAG  Selective Primer 5´-GATGAGTCCTGAGTAACAG-3´ 
E-AAC Selective Primer 5´-GACTGCGTACCAATTCAAC-3´ 
E-ACT Selective Primer 5´-GACTGCGTACCAATTCACT-3´ 
E-AGG 
E-ACA 
Selective Primer 
Selective Primer 
5´-GACTGCGTACCAATTCAGG-3´ 
5´-GACTGCGTACCAATTCACA-3´ 
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Table 8. Selective Primer combinations used in M. bowditchi studies for AFLP analysis 
and number of marker bands obtained for each of six types of four-base pair primer set. 
Primer set EcoRI MseI Number of markers 
1 CAAC ACAA 93 
2 CAAC ACAG 112 
3 CAAC ACTC 54 
4 CACA ACAG 41 
5 CACT ACAG 86 
6 CAGG ACTC 83 
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Table 9. Analysis of Molecular Variance (AMOVA) results and fixation indices. 
Significance tested with 1023 permutations. 
Source of variation d.f Sum of Squares Variance Components Percentage of variation 
 
Among groups 
 
1 
 
200.253 
 
  4.690 Va 
 
5.30 
Among populations 
within groups 
2 257.326   6.990 Vb 7.90 
Within populations 28 2150.327 76.797 Vc 86.80 
Total 31 2607.906 88.478  
FST :      0.13202 
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Table 10. Analysis of Nei’s genetic diversity in group 1 (previously unnamed forms, M. 
bowditchi tridentatus and M. bowditchi frigidus) and group 2 (named forms M. bowditchi 
bowditchi and M. bowditchi canus). The low GST values suggest diversity among 
populations, and very high Nm values indicate a high level of gene flow between 
grasshopper populations. 
                              Ht                       Hs                     GST                       Nm 
Group 1               0.2843               0.2266                 0.2030                1.9630 
Group 2               0.2862               0.2665                 0.0690                6.7499 
All populations    0.3127               0.2853                0.0879                5.1905 
Ht = Total diversity 
Hs= Diversity within populations 
GST =Diversity among populations 
Nm = Estimate of gene flow based on GST 
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Figure 5. Dorsal view of the aedeagus of (a) M. bowditchi bowditchi, (b) M. bowditchi 
canus, (c) M. bowditchi “frigidus”, and (d) M. bowditchi “tridentatus”. 
 
 
 
 
 
 
   a  b      c          d 
 
Figure 6. (a) Lateral view of the aedeagus of M. bowditchi bowditchi, (b) M. bowditchi 
canus, (c) M. bowditchi “frigidus”, and (d) M. bowditchi “tridentatus‖. 
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Figure 7. Coefficient of variation and Number of molecular markers using Bootsie with 
1000 iterations for all samples.  
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Figure 8. Distance-based Unweighted Pair Group Method with Arithmetic mean 
(UPGMA) dendrogram of M. bowditchi grasshoppers using 1000 bootstrap replicates. 
Numbers indicate >70% bootstrap support for M. bowditchi “frigidus”, M. bowditchi 
bowditchi, M. bowditchi “tridentatus”, M. bowditchi canus. Close out-group M. flavidus 
and distant out-group S. collare were used.  
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Figure 9. Sagebrush grasshopper, M. bowditchi collected on sand sagebrush, A. filifolia. 
 
Figure 10. Sagebrush grasshopper, M. bowditchi collected on prairie sagewort, A. frigida. 
 
 
Figure 11. Sagebrush grasshopper, M. bowditchi collected on big sagebrush, A. tridentate. 
 
 
Figure 12. Sagebrush grasshopper, M. bowditchi collected on winterfat, Krascheninnikovia lanata. 
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Chapter 4  
Plant Species and Plant Water Content Affect Clipping Rates by 
Grasshopper Species 
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Abstract 
 
Grasshoppers (Orthoptera: Acrididae) cause severe damage to western rangelands 
where they are estimated to consume 30% of forage. In addition to consuming leaf tissue, 
grasshoppers clip plant leaves and stems but consume only a small portion of these 
clippings. A laboratory study was conducted to quantify the clipping behavior of three 
species of grasshoppers feeding on little bluestem, Schizachyrium scoparium and 
buffalograss, Bouteloua dactyloides and assess the effect of plant water status on 
grasshopper clipping behavior. All tested grasshoppers generated clippings on both 
grasses but varied by species. Spharagemon collare clipped the highest quantities of little 
bluestem followed by Ageneotettix deorum. Arphia simplex clipped the most buffalograss 
while A. deorum clipped the least. Water content of the grass affected the amount of 
clipping and differed by grasshopper and plant species. Our results are similar to findings 
from previous studies that grasshopper clipping results in substantial damage to plants. 
Our data further indicate that water content of the plant and grasshopper species are 
important factors in determining damage. Data from this study will aid in refinement of 
economic injury levels for rangeland grasshopper species. 
Key Words: rangeland, grasshopper, clipping, water status, damage 
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Introduction 
 
Short-horned grasshoppers (Orthoptera: Acrididae) may cause severe damage to 
rangelands in the western United States and the effects on forage vary among 
grasshopper species (Hewitt and Onsager 1982). During outbreaks grasshoppers damage 
forage and compete with livestock (Anderson 1961, Hewitt et al. 1976, Hewitt 1977, 
1978, Hardman and Smoliak 1982)  
Grasshoppers occur in all types of rangelands. Their densities are highest in areas 
where annual precipitation does not exceed 60 cm (Hewitt and Onsager 1983). Diet 
preference, developmental stage, densities of each grasshopper species and species 
composition are important factors to determine the damage to rangelands by grasshoppers 
(Onsager 1983). During high temperature periods, grasshoppers consume more foliage 
because of their increased developmental rate (Langford 1930). In addition to direct 
consumption, grasshoppers also cause losses by cutting leaves and stems but not 
consuming them (Skinner 2000). 
Many factors are involved in the interaction between insect herbivores and plants 
which are fed upon. These factors include water content of the plants, previous damage 
and availability of different nutrients including nitrogen and proteins. Plant 
characteristics affect insect herbivores by increasing or decreasing feeding and growth 
rates (White 1984, Lewis 1984). These effects may be attributed to the change in the 
concentration of amino acids, sugars and other chemicals of the plants (Schoonhoven et 
al. 2005). Plants experiencing water stress also affect the development and survival of 
insects reviewed by Haile (2001). Warm and dry weather periods usually result in 
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increases of grasshoppers in rangeland, although the reasons for outbreaks are not 
entirely known. Drought stress is likely to negatively affect on resistance mechanisms of 
plants while at the same time increase the nutritional value of the forage (Koricheva et al. 
1998). The northern rangelands of the western United States commonly have cool season 
(C3) grasses whereas the southwestern rangelands are dominated by warm season (C4) 
grasses. These rangelands differ in the economics involved in grasshopper control 
because of differences in plant species, weather patterns, and grasshopper phenology. The 
economic threshold models (Torell et al. 1987, Berry et al. 1991) being used in western 
rangelands are based on data mainly from northern rangelands. The Nebraska Sandhills 
grassland has both C3 and C4 grasses. Heidorn and Joern (1984) found preference for C3 
plants when Ageneotettix deorum (Scudder) was offered a choice to feed on C3 and C4 
grasses in the field.  
The whitewhiskered grasshopper, A. deorum is a widely distributed and 
economically important species that can reach high densities in mixed and bunchgrass 
prairies of the western United States (Pfadt 1994). In Nebraska, this is usually the most 
abundant species in the Nebraska Sandhills (Brust et al. 2008). There is no clear evidence 
of host plant preference by A. deorum, and it appears to consume a variety of grass 
species based on local availability (Mulkern 1967, Brust et al. 2008). The whitewhiskered 
grasshopper also feeds on clipped and fallen leaves, seeds, and dead insects (Pfadt 1994). 
Among many of the geophilous grasshoppers, the mottled sand grasshopper, 
Spharagemon collare (Thomas), has been documented to feed on ground litter and 
clipped leaves (Pfadt 1994). In Nebraska, this species is frequently found in sandy areas 
of the west and mostly feeds on grasses, forbs and sedges (Joern 1982, Brust et al. 2008).  
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This grasshopper species is rarely of economic importance in rangelands, but it can cause 
damage in disturbed areas of wheat and other grain crops (Pfadt 1994). 
 Insects such as grasshoppers can consume native vegetation in large quantities 
during severe outbreaks. The actual forage consumption by insects is sometimes much 
less than the total injury to forage plants because some insects repeatedly clip plant leaves 
and stems but consume only a small portion of these clippings, resulting in additional 
tissue loss. Grasshoppers are reported to consume about six times less foliage than they 
clip (Hewitt 1977, 1978, Mulkern et al. 1969)  resulting in an estimate that a single 
grasshopper/square meter can cut about 14-17 kg/ha of available forage. Similarly, 
Hardman and Smoliak (1982) estimated a loss of 16-60% of the total plant production by 
10 grasshoppers/square meter across their lifespan. 
Little bluestem [Schizachyrium scoparium (Michx.) Nash.], a warm season grass 
is most conspicuous in Great Plains. In the prairies of Nebraska, this is one of the 
dominant species of intermediate height. Its growth period starts with few leaves in 
spring but then it grows rapidly.  Buffalograss [Buchoe dactyloids (Nutt.) Engelm.] is a 
warm season and native shortgrass forage in shortgrass and mixed-grass prairies (Johnson 
and Nichols 1970). It has been reported nutritious grass (National Academy of Sciences 
1971). Its growth generally starts in late spring and continues through the whole summer 
months (Hoover at al. 1948). 
We studied the clipping behavior among the different species of grasshoppers on 
little bluestem and buffalograss to quantify the amount of clippings generated by each 
species. We also tested clipping behavior with different levels of moisture to observe the 
effect of water/ or moisture in generating the amount of clippings. 
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Materials and Methods 
 
The grasshoppers, A. deorum and S. collare were collected from the Sandhills 
areas of western Nebraska about 11 km, northwest of Anselmo in Custer county. We 
collected these species in late July and early August during the summer of 2010.  Arphia 
simplex Scudder was collected from the Cottonmill Park and Recreation Area on the 
Oldfather Prairie Reserve about 2.4 km west of Kearney, NE.  We used sweep nets at all 
locations for collection. These grasshoppers were then transported to the University of 
Nebraska at Kearney. Each species was stored separately in plastic bags for two days at 
room temperature of about 25 
o
C prior to experiment. Samples of little bluestem were 
collected from a Sandhills area of Custer county similar to collection sites of A. deorum 
and S. collare while the buffalograss was collected from Cottonmill Park and Recreation 
Area near Kearney, NE. The grasses were dug up along with their roots using a shovel 
and were kept in plastic pots. These pots were supplied with sufficient water to prevent 
dehydration.  
 For the clipping study, sections of approximately 12 cm length weighing 500 
mg were prepared for each grass. These sections were then placed in small water picks 
filled with sand and were held upright through the holes of the lid to prevent them from 
falling during grasshopper feeding. Three replicates of each grasshopper species were 
made with each grass species. The grasses were put into 3 liter plastic pots covered with 
mesh cloth to allow the movement of grasshoppers. One grasshopper was released in 
each mesh covered pot to allow feeding and observation of clippings. Clippings were 
collected at an interval of 12 h for each grasshopper for 3 days. Sand filled pots were kept 
moist throughout the experiment to keep the grasses fresh. 
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 In a parallel experiment, clipping behaviors of two grasshopper species, A. 
deorum and S. collare, were observed in relation to different levels of grass moisture. We 
maintained 3 moisture levels, high, medium and low for both grasses. To create moisture 
levels we used drying oven to measure the moisture level of grasses prior to the start of 
the experiment. We measured the level of moisture within plants after applying different 
amounts of water for three days. From this we calculated the desired amount of water to 
apply to attain a range of moisture levels. We prepared five replicates of each 
grasshopper species at each level of high, medium and low moisture for buffalograss and 
little bluestem grass. Grasshoppers were not offered a choice of three moisture levels for 
any grass and each moisture level for both grasses was treated separately. The clippings 
were collected after every 12 hours and weighed. The data containing clipping quantity, 
and associated level of moisture level of grasses for grasshopper species were entered 
into SAS software (SAS Institute 2009) and analyzed using PROC GLIMMIX (Proc 
Glimmix., SAS/Stat, 9.2 ed., SAS Institute, Cary, North Carolina, USA).   
Results 
 
Among the three grasshopper species, S. collare generated the most clippings for 
little bluestem, with A. deorum producing somewhat fewer (Figure 13). For buffalograss, 
A. simplex clipped the most while S. collare produced less and A. deorum generated the 
least (Appendix E.1). Although there were no significant differences among grasshoppers 
on grass species (Table 11), these results show clipping of approximately 3% of plant 
tissue per day per grasshopper. 
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When clipping behavior was investigated based on moisture levels, a significant 
interaction (P ≤ 0.001) among grasshopper, grass and moisture level was found (Table 
12). The amount of grasshopper clippings depended on the level of moisture. We 
observed A. deorum clipped the most (23.85 mg/day) for buffalograss with a medium 
level of moisture but the least amount at low moisture for little bluestem. Ageneotettix 
deorum did not differ in amount of clipping on the little bluestem at all moisture levels. 
Similar behavior was observed for S. collare in little bluestem (Figure 14). Both 
grasshopper species showed a very similar trend of clipping at low moisture levels of 
both grass species (Appendix E.2). In buffalograss, A. deorum clipped significantly more 
at medium moisture levels while S. collare had significantly higher clipping rates at high 
level moisture in buffalograss (Figure 15). At high moisture, S. collare clipped the most 
buffalograss (19.19 mg/day) but the least for little bluestem (Figures 14 and 15). The 
grasshoppers A. deorum and S. collare did not differ in amount of clipping in little 
bluestem at all moisture levels (Figure 16) but A. deorum and S. collare differ 
significantly at high and medium moisture levels of buffalograss (Figure 17). 
Discussion 
 
Although the potential for vegetation clipping is often cited for grasshoppers, this 
phenomenon has rarely been quantified. The amount of destroyed foliage increases with 
the size of the grasshoppers (Hewitt 1978). We studied and quantified grasshopper 
species belonging to subfamilies Gomphocerinae and Oedipodinae. We did not find 
significant effects of either insect or grass on the amount of clipping generated. However, 
all three species, A. deorum, A. simplex and S. collare generated clippings which were not 
consumed and that the amount of clipping varied by grasshopper species as well as by 
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plant species. A significant interaction of grasshopper, grass and moisture of grass was 
also found, suggesting that damage potential depends in part on environmental 
conditions. 
Ageneotettix deorum and S. collare feed on several species of grasses (Brust et al. 
2008) and are abundantly found in the Sandhills of Nebraska. Adults are more common 
from July to September and their feeding effects last for more than two months. Their 
presence in the rangelands may pose a serious threat to grasses. In our study we found 
that A. deorum clipped more buffalograss at all moisture levels with the maximum 
amount of clipping at moderate levels of moisture. Although A. deorum occasionally 
crawl onto the plants, especially during early instars, they prefer feeding on the dry 
material found on ground until late instar and adult stages. Usually this grasshopper 
moves back to ground after feeding on the plants (Anderson and Wright 1952). This 
behavior may cause observed clipping difference because buffalograss is shorter than 
little bluestem and easily accessible for A. deorum. After the fourth instar, this species is 
mostly found on plants where it eats green vegetation, though it continues to feed on dry 
material found on ground (Anderson and Wright 1952).  
The amount of water in fresh foliage ranges from 45% to 95% (Schoonhoven et 
al. 2005). The water content in the food relates to nutrient content. For instance, 
lepidopterous larvae from a number of species have been shown to grow better on plants 
that have sufficient water (Schoonhoven et al. 2005). However, many plant species facing 
water stress are edible to grasshoppers while only a few species are inedible as a result of 
water stress (Bernays and Lewis 1986). Many reports on the insect herbivory with 
relation to water stress have focused mostly on the development and survival of insects, 
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but less information is available on insect feeding in relation to water status of plants 
(Haile 2001).  
A number of sap feeders and other herbivores are susceptible to water stress 
(Huberty and Denno 2004) but in other cases, water stress may contribute beneficially in 
increasing the herbivore populations. Water stressed plants may increase the available 
nitrogen and sugars in leaves (White 1984). Feeding choice by grasshoppers based on 
nitrogen in the leaves is ambiguous because grasshoppers may not have the ability to 
detect the nitrogen contents in leaves (Joern 1989) and clipping could result in more 
nutritious food for grasshoppers by creating water stress (Haglund 1980).  Water stress in 
plants also initiates increased accumulation of free amino acids (Mattson and Haack 
1979) because of reduced amino acid metabolism and protein synthesis (Hsiao 1973). 
These amino acids, especially proline, act as a feeding stimulant for insect herbivores and 
increase plant susceptibility for insect damage (Mattson and Haack 1979).  
About 60% of western Nebraska consists of rangeland (Veneman et al. 2004) due 
to low annual precipitation. Because of relatively dry climate in this part of state, primary 
vegetation is grassland and rearing cattle is the major agricultural industry in Nebraska. 
The western prairie is mostly covered with tall bluestem grass in most of sand hills area 
while the panhandle portion of state is covered with short, thin grama and buffalograss. 
For an increase in livestock production, proper management of the rangeland is 
important. The grasshoppers remain a problem in rangelands. Grasshoppers are the most 
economically important pest of the rangelands in western Nebraska (Pfadt 2002) and 
annually these grasshoppers may consume an estimate of 21-23% of available range 
forage (Hewitt and Onsager 1983). The additional damage occurs when grasshoppers clip 
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the foliage and stem and do not consume it. In our study we found that an adult 
grasshopper clipped approximately 6% of the offered food in one day. Thus over a10 day 
period one can clip up to 60% of the available forage. Feeding and clipping by 
grasshoppers makes the range plants unsuitable for grazers that play very important role 
in range management. Clipping disturbs the plant physiology and nutritive composition 
that leads the plants towards degradation.  
The key question is whether or not grasshoppers clip the vegetation to increase 
the water stress. Clipping results in more water loss because of damaged epidermis 
(Delting et al. 1979). Clipping phenomenon also disturbs water supply to other parts of 
plants. We are not clear about the net effect of grasshopper clipping on water balance of 
grass because grasshopper clipping also remove stomata from leaves and thus reduce the 
stomatal water loss. 
The phenomenon of clipping and water balance has grasped a little attention. A 
serious impact of plant water content on generating clipping would be anticipated if 
grasshopper clipping is persistent. We found differences in generating the clippings by 
both grasshoppers at different moisture levels, supporting our hypothesis that water status 
of the plant is an important factor in insect herbivory damage. As our study was short-
term in a greenhouse, we may speculate that extended clippings may also effect the root 
growth of grasses. Further studies at larger scale and testing more rangeland grasshopper 
species will be helpful in refining the economic injury levels and management of 
economically important grasshopper species. 
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Table 11. Two-way analysis of variance for clipping showing non-significant effect of 
grasshopper, grass and their interaction. 
Source of Variation DF SS MS F P 
Grasshopper 2 138.08 69.04 1.90   0.19 
Grass 1 69.75 69.75 1.92  0.19 
Grasshopper × Grass 2 133.26 66.63 1.83 0.20 
Residuals 12 436.73 36.39   
 
 
 
 
 
Table 12. Three Way Analysis of Variance for clipping showing significant interaction 
effect among grasshopper × grass × moisture level.  
Source of Variation DF SS MS F P 
Grasshopper  1 14.146 14.15 0.47 0.495 
Grass 1 2287.42 2287.42 76.34 <0.001 
Moisture Level 2 125.52 62.76 2.09 0.134 
Grasshopper × Grass 1 3.14 3.14 0.10 0.747 
Grasshopper × Moisture level 2 346.03 173.01 5.77 0.006 
Grass × Moisture level 2 42.97 21.49 0.72 0.493 
Grasshopper × Grass x Moisture level 2 577.82 288.91 9.64 <0.001 
Residuals 48 1438.18 29.96   
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Figure 13. Mean amount of clipping (mg/day/grasshopper) ± SE by A. deorum, A. 
simplex, and S. collare on little bluestem and buffalograss. Means (± SE) bearing 
different letters are significantly different (α = 0.05). 
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Figure 14. Mean amount of clippings (mg/day/grasshopper) ± SE by grasshopper of A. 
deorum and S. collare at moisture levels high, medium and low of little bluestem. Means 
(± SE) bearing different letters are significantly different (α = 0.05). 
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Figure 15. Mean amount of clippings (mg/day/grasshopper) ± SE by grasshopper of A. deorum 
and S. collare at moisture levels high, medium and low of buffalograss. Means (± SE) bearing 
different letters are significantly different (α = 0.05). 
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Figure 16. Mean amount of clippings (mg/day/grasshopper) ± SE by grasshopper of A. 
deorum and S. collare at moisture levels high, medium and low of little bluestem. Means 
(± SE) bearing different letters are significantly different (α = 0.05). 
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Figure 17. Mean amount of clippings (mg/day/grasshopper) ± SE by grasshopper of A. 
deorum and S. collare at moisture levels high, medium and low of buffalograss. Means (± 
SE) bearing different letters are significantly different (α = 0.05). 
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Chapter 5 
 Feeding Rates of Grasshoppers from Subfamilies Differ among Big 
bluestem and Switchgrass Cultivars 
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Abstract 
 
Grasshopper species belonging to subfamilies Melanoplinae, Gomphocerinae and 
Oedipodinae (M. differentialis, M. femurrubrum, Arphia xanthoptera, E. simplex and 
Psoloessa delicatula) were tested for their feeding preference. All grasshopper species 
were offered two cultivars of switchgrass, Panicum virgatum (Shawnee and Kanlow 
cultivars) and big bluestem (Andropogon gerardii ). The grasshoppers, M. femurrubrum 
and M. differentialis were also tested for their preference to turgid or wilted Shawnee 
cultivar of switchgrass. We found that M. differentialis strongly preferred switchgrass (P 
≤0.001) over big bluestem while M. femurrubrum and A. xanthoptera also preferred 
Shawnee. The M. differentialis preferred turgid grass over wilted switchgrass. The 
feeding preferences show differences among grasshopper species and suggest that 
Melanoplinae grasshoppers may become destructive pests of switchgrass planted for 
biofuel production.  
 
Key Words: grasshopper, switchgrass, biofuel, leaf consumption, insect herbivore 
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Introduction 
 
In the central Great Plains, introduced cool season grasses and crop residues 
provide most of the fall and spring grazing (Krueger and Curtis 1979), while summer 
cattle grazing demands high quality perennial grasses. A number of warm season grass, 
including switchgrass (Panicum virgatum L.), big bluestem (Andropogon gerardii 
Vitman), indiangrass [Sorghastrum nutans (L.) Nash] and little bluestem [Schizachyrium 
scoparium (Michx.) Nash] provide summer forage. The warm season grasses, 
switchgrass and big bluestem, are native to the central Great Plains (Mitchell et al. 1997) 
show a single growth flush in summer and have determinate growth.  
Switchgrass (Panicum virgatum L.) can adapt to a variety of environmental 
conditions and is geographically widespread (Sanderson et al. 1996, Parrish and Fike 
2005). It has been recognized to be useful not only for wildlife but also in maintaining 
stream banks and buffers (Sanderson et al. 1996, Parrish and Fike 2005). Compared to 
agriculture crops, switchgrass decreases pesticide application rates, and reduces soil 
erosion and water runoff (Vaughan et al. 1989, Sanderson et al. 1996). Switchgrass can 
be grown on soils with moderate fertility and could be a suitable alternative crop in areas 
facing regular droughts to offset the yield loss and production costs of the traditional 
crops. Switchgrass also represents an emerging bioenergy crop (Sanderson et al. 2004). 
Switchgrass has been classified into upland and lowland cultivars based on habitat, 
genetics and morphological characteristics (Porter 1966). Lowland cultivars have aptitude 
to establish in flooded conditions while upland cultivars require moderate soil water 
conditions (Hefley 1937). Besides water requirement, both cultivars also differ in 
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nitrogen needs for their growth (Vogel 2004) while soil pH, carbon and other soil 
contents also varies to some extent between these cultivars (McLaughlin et al. 1999). 
To use switchgrass widely for biomass energy and for feed-stock requires 
information about its productivity and potential pests (McLaughlin and Walsh 1998). 
Warm season grass have higher photosynthetic rates at high temperatures than cold 
season grass (Waller and Lewis 1979) and are characterized by efficient use of nitrogen 
(Waller and Lewis 1979) and phosphorus (Morris et al. 1982). 
Creating monocultures of any plant species results in loss of biodiversity and can 
cause development of serious economic pests (Bourn and Thomas 2002, Andow 1991). 
Very few insect studies of insect herbivory on switchgrass have been conducted (Parrish 
and Fike 2005) while substantially more work has focused on improving biomass yield 
and weed control (Sanderson et al. 1996, Parrish and Fike 2005).  
More than 100 species of short-horned grasshoppers have been reported in 
Nebraska (Brust et al. 2008) with about eight occurring in high enough densities to be 
serious pests in rangeland (Mulkern et al. 1969). Although most grasshopper species feed 
on variety of plants (Joern 1983), species tested to date show plant species preferences 
when choices are available (Joern 1979). In contrast, grasshopper selection among 
individual plants and plant tissues of a single species has not been well studied (Lewis 
1984).  
In this study, we quantified the feeding preference and amount of tissue consumed 
by M. femurrubrum, M. differentialis, Arphia xanthoptera (Burmeister), Eritettix simplex 
(Scudder) and Psoloessa delicatula (Scudder). These species were offered switchgrass 
cultivars (Kanlow and Shawnee) and big bluestem. We also tested the preference of two 
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grasshopper species, M. femurrubrum and M. differentialis for feeding on healthy or 
wilted Shawnee switchgrass. 
Materials and Methods 
 
Feeding performance among switchgrass cultivars and big bluestem 
 
We quantified the feeding preference of five grasshopper species belonging to 
subfamilies Melanoplinae (M. femurrubrum, M. differentialis), Gomphocerinae (A. 
xanthoptera, E. simplex) and Oedipodinae (P. delicatula). The grasshoppers were 
provided Shawnee (upland cultivar), Kanlow (lowland cultivar) switchgrass and big 
bluestem. Fifteen cm long sections of grass species were weighed to the nearest of a gram 
and placed into containers with water. Single grasshoppers of each species were placed 
into the pot filled with sand and covered with mesh cloth. There were 24 replicates of M. 
femurrubrum, seven of M. differentialis, six of A. xanthoptera and ten for E. simplex and 
P. delicatula for each grass. Grasshoppers were allowed to feed on these grasses for three 
days. A total of six pots were also prepared, two for each grass species but without 
grasshopper to serve as controls. At the end we quantified the amount of feeding for each 
grass by each grasshopper species. Two way analysis of variance and pairwise multiple 
comparison tests (Holm-Sidak method) were performed using SigmaPlot (Systat 
Software, San Jose, CA). 
Feeding preference to turgid and wilted switchgrass 
 
Adult of M. femurrubrum and M. differentialis were collected in late August of 
2011 using a sweep net from fields of the University of Nebraska-Lincoln, NE. The 
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grasshoppers were kept in a greenhouse at the University of Nebraska at 25 
o
C prior to 
starting the trials. Adults were starved for two days before the experiment. 
Samples of the switchgrass cultivar Shawnee were collected from the Agricultural 
Research and Development Center (ARDC) at Mead, NE, about 50 km north of Lincoln, 
NE. Healthy green plants of approximately the same size were dug up along with roots 
using a shovel and transferred to plastic pots. These pots were then transferred to the 
greenhouse and maintained with sufficient water to prevent dehydration. The pots used 
for the wilted condition were not given water for two days before the experiment. 
Individually caged grasshoppers were offered a choice between adjacent dry and turgid 
leaves for three days. Leaf sections of approximately 15cm were weighed to the nearest 
to one gram and placed into a small plastic pot. The turgid leaves were supplied with 
water to maintain the water level for tissue while no water was supplied for wilted 
sections. Both turgid and wilted grasses were kept together within the plastic pot covered 
with mesh cloth. Eight replicates of each grasshopper species were made. After three 
days the plants were removed and reweighed. Any clipping that had fallen to the bottom 
of container were identified by texture and appearance and were weighed and included in 
the totals of mass remaining after feeding. For mass change associated with the water 
uptake or loss, four pots, two for each condition, were prepared in the same manner as 
experimental groups, but without a grasshopper. Gains in mass were interpreted as water 
uptake by the plants. A two-way analysis of variance test and pairwise multiple 
comparison tests (Holm-Sidak method) were performed using SigmaPlot (Systat 
Software, San Jose, CA). 
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Results 
Feeding performance among shawnee, kanlow and big bluestem 
  
We found statistically significant interaction of grasshopper and grass (P ≤0.001) 
(Table 13). The mean amount consumed per day by M. differentialis was greater for 
Shawnee at 234.05 mg, while for Kanlow it consumed about 139.52 mg. Among all 
grasshopper species, E. simplex consumed the least Shawnee (12.73 mg/day) but 
consumed the most big bluestem. Other grasshopper species in this study fall in between 
these two species in consumption (Appendix E.3). We found statistically significant 
differences in pairwise comparison of M. differentialis with M. femurrubrum, P. 
delicatula, E. simplex and A. xanthoptera (P ≤0.01). All other pairwise comparisons were 
not significant. When we grouped grasshopper species to their respective subfamilies and 
analyzed the data, significant interaction between subfamily and grass was found (Table 
14). The subfamily Melanoplinae consumed the maximum amount Shawnee (97.55 
mg/day) and Kanlow (55.05 mg/day) while Gomphocerinae consumed about 46.95 
mg/day of big bluestem. Oedipodinae consumed more Shawnee (52.72 mg) and of the 
least big bluestem (Table 15).  
There was no weight loss of any grass observed in control treatments. The mean 
water uptake for Shawnee was 75 mg, Kanlow 60 mg and big bluestem 12 mg. All three 
grasses ranged from approximately 1% to 7% in water uptake. We found statistically 
significant (P ≤0.05) mass gain in control treatments. Tukey HSD test showed no 
significant difference in water uptake between switchgrass cultivars, Shawnee and 
Kanlow, but both were greater than big bluestem. Thus, we subtracted the mean uptake of 
water for each grass at the end of experiment when we weighed the grasses after three 
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days of feeding. In this way we calculated the actual feeding of each grasshopper species 
on each grass to eliminate the effect of water uptake. 
Feeding preference to turgid and wilted switchgrass  
 
There was a statistically significant difference (P = 0.034) in feeding on wilted 
and healthy grass by M. differentialis (Table 16). The interaction of grasshopper and 
plant condition was statistically non-significant (P = 0.109).  Melanoplus differentialis 
and M. femurrubrum differed significantly in their feeding, while plant condition showed 
statistically marginal differences (Table 16). Melanoplus differentialis fed more both on 
turgid and wilted switchgrass while no difference was observed for M. femurrubrum 
(Figure 19).  
Discussion 
 
Melanoplus differentialis grasshoppers do not do as well on native grasses as on 
cultivars. The grasshoppers, M. differentialis and M. femurrubrum, have the ability to 
damage a variety of crops including soybean, maize and alfalfa. In Nebraska, M. 
differentialis has been found seriously damaging maize.  It is primarily a forb feeder but 
can also feed on grasses. Between the Rocky Mountains and Mississippi River this 
species occurs in large numbers (Pfadt 1994). The adults are strong flyers, having ability 
to move upwind for food. This species has been previously shown to feed on wilted or 
damaged sunflower (Lewis 1984) and other plant species (Lewis 1979). Kaufmann 
(1968) reported feeding of M. differentialis on dried-up plants in the presence of fresh 
plants. Whipple et al. (2009) found the preference of some grasshopper species for non-
native cool season grasses over native C4 grasses.  Others reported preference for dead 
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(Gangwere 1961), wilted (Kaufmann 1968, Ueckert and Hansen 1971), or succulent 
tissue (Chapman 1957). Grasshopper species are often generalist feeders, although some 
specialist exist (Mulkern 1967). The members of the subfamily Melanoplinae have 
broader diet breadth relative to Oedipodinae, which are mostly grass feeders with 
narrower diet breadth.  
Our results showed that M. differentialis preferred switchgrass cultivars over big 
bluestem. Further, M. differentialis consumed more of the Shawnee cultivar than the 
other grasses offered. The higher consumption rates of Melanoplinae on Shawnee may 
indicate a new host for feeding or it may be a change in diet due to available food 
options. With switchgrass being grown on larger scales as monoculture, the preference of 
M. differentialis to Shawnee cultivar may cause damage to this crop. Melanoplus 
femurrubrum and A. xanthoptera also consumed more Shawnee cultivar than big 
bluestem or Kanlow, while E. simplex was the only species that consumed more big 
bluestem.  
In general, insect herbivores prefer C3 plants over C4 plants for their feeding 
(Caswell et al. 1973). Warm season plants have proteins and carbohydrates which are 
embedded in thick cell walls while C3 cells are more easily digested (Caswell and Reed 
1976). Thus it can be hypothesized that chewing insects would prefer more nutritive C3 
plants. Cage experiments with Ageneotettix deorum (Scudder) offered a choice of C3 and 
C4 grasses from the Nebraska Sandhills preferred C3 grasses. However, a contradictory 
result was found when a natural population of A. deorum was tested (Heidorn and Joern 
1984). This may be the result of more C4 grass available for feeding in the latter study or 
could be the result of plant condition.  
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Nutritional quality of the host plants may have a role in the feeding preference of 
the herbivore and the nutritional value of the host plant species and grasshopper growth 
and reproduction have been found to be directly proportional (Mulkern 1967). The 
Shawnee cultivar is characterized as providing excellent forage quality and being drought 
resistant. The early growth stages in switchgrass are more nutritive, but its nutritive 
values drop rapidly after the seed head emergence. The productive potential of 
switchgrass and big bluestem during summer is vital due to relatively unproductive cool 
season grasses (Moser and Vogel 1995). 
Grasshoppers and other orthopteran insects are commonly found in grassland 
ecosystems. The available food plants and extremely localized environment are 
particularly very important factors in determining the grasshopper species composition 
(Joern and Lawlor 1981).  Commonly found species in Unites States include Melanoplus 
femurrubrum (DeGeer), Melanoplus bivittatus (Say), Phoetaliotes nebrascensis 
(Thomas), Eritettix simplex (Thomas), Aulocara elliotti (Thomas), Phlibostroma 
quadrimaculatum (Thomas), Psoloessa deliculata and Trachyrhachys aspersa (Craig et 
al. 1999), and high densities of grasshoppers can cause a significant damage to forage 
production. An approximate of dozen grasshopper species are economically important for 
crops and forages in western U.S. (Pfadt 2002, Brust et al. 2008).  
Besides orthopteran insects, Lepidoptera including stem borers pose threats to 
grasses and in general for graminaceaous plants (White et al. 2005). Grass loopers (Mocis 
spp.) and fall armyworm [Spodoptera frugiperda (J. E. Smith)] are major pests in 
different grass species, and may contribute to economic losses (Meagher et al. 2007). 
Numerous researchers have identified and reported insects feeding on switchgrass 
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including thrips (Gottwald and Adam 1998), the yellow sugar cane aphid and 
grasshopper, but not as preferred hosts (Kindler and Dalrymple 1999, Parrish and Fike 
2005). Predatory carabid beetles have been found in switchgrass fields (Ward and Ward 
2001). Holguin (2010) also studied switchgrass for insect dynamics and their effect on 
the yield. 
Grasshoppers are very common herbivores, responsible for removing a large 
portion of above ground biomass (Hewitt 1977). Despite the fact that physical and 
chemical defense systems exist in plants, but specialist grasshoppers have developed the 
ability to resist these defenses. Plant productivity has been greatly influenced by insect 
herbivory (Crawley 1983), especially when grasshopper densities are high. However, the 
net effect of herbivory has been shown to be positive in some situations (Dyer et al. 
1982) and negative in others (Belsky 1986). Presently, the influence of insect herbivores 
on dominant grasses is not clearly understood. Parrish and Fike (2005) reported few 
insects in switchgrass and Vogel (2004) found the potential for negative effects of 
grasshoppers on switchgrass biomass production. 
 In Nebraska, switchgrass has higher crude protein than big bluestem. In one 
study, switchgrass crude protein contents were high in early June (17.5%) and decreased 
to 11.4% in late June and 8.4% by mid-July (Newell 1968). In Nebraska, big bluestem 
had crude protein around 14.4% in early June and 10.6% in late June (Newell and Moline 
1978) with further decreases later in the season. Our feeding trails were conducted in a 
greenhouse with adult grasshoppers. It is likely that switchgrass cultivars had higher 
protein than big bluestem although these characters were not measured in this study. 
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Secondary toxic plant chemicals often act as a barrier or serve as deterrent for 
grasshopper herbivory (Bernays et al. 1977); however, the grasses have limited chemical 
defenses (Bernays 2001) and it is especially unlikely that switchgrass varieties vary in 
chemistry, potentially causing preference for Shawnee by M. differentialis. Switchgrass 
matures later in the growing season than big bluestem, thus switchgrass typically has 
higher quality (Newell 1968) when harvested on the same date. The preference of 
Melanoplinae and Oedipodinae might be due to the higher food quality of switchgrass. 
Seasonal variation and other factors sometimes alter the chemical composition 
and nutritional value of plants and can result in switching of herbivores from one plant 
species to another. Differences in grass maturity and succulence could result in 
preference for local grasshopper feeding (Chu and Knutson 1970).  Chu and Knutson 
(1970) tested the preference of a number of grasshoppers to different grasses and found 
that adult Phoetaliotes nebrascensis (Thomas) preferred mature switchgrass over big 
bluestem while M. differentialis also preferred switchgrass over others.  
 In a laboratory study in August when switchgrass is mature and plant nutritional 
quality is declining, grasshoppers ate all three types of grass. Melanoplus differentialis 
ate relatively large amounts of Shawnee cultivar (230 mg/day), is likely to cause 
economic loss for switchgrass. 
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Table 13. Two-way analysis of variance of feeding performance of grasshoppers. 
Significant interaction effect between grass and grasshopper species was found. 
Source of Variation Df SS MS F P 
Grasshopper 4 201841.496 50460.374 57.845 <0.001 
Grass 2 43253.845 21626.922 24.478 <0.001 
Grasshopper × Grass 4 151137.329 18892.166 21.657 <0.001 
Residuals 156 136084.849 872.339   
 
 
 
 
Table 14. Two-way Analysis of the variance of subfamilies Melanoplinae, 
Gomphocerinae and Oedipodinae. 
Source of Variation Df SS MS F P 
Subfamily 2 29570.67 14785.33 6.22 0.002 
Grass 2 15056.50 7528.25 3.17 0.045 
Subfamily × Grass 4 74445.65 18611.41 7.83 <0.001 
Residuals 162 385047.35 2376.84   
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Table 15. Mean amount of consumption (mg/day/grasshopper) ± SE by grasshoppers 
belonging to subfamilies Gomphocerinae, Melanoplinae and Oedipodinae on switchgrass 
cultivars (Shawnee and Kanlow) and Big Bluestem. 
 Big Bluestem Kanlow Shawnee 
Gomphocerinae 46.95 ± 10.90a 28.00 ± 10.90a 15.58 ± 10.90b 
Melanoplinae 18.28 ± 8.75a 55.05 ± 8.75a 97.54 ± 8.75a 
Oedipodinae 15.22 ± 19.90a 27.77 ± 19.90a 52.72 ± 19.90b 
Means (± SE) in the same column bearing different letters are significantly different (α = 0.05). 
 
 
 
 
Table 16. Two way Analysis of variance of feeding preference to turgid and wilted 
switchgrass cultivar, Shawnee. Grasshopper species significantly differ for feeding. 
Source of Variation Df SS MS F P 
Grasshopper 1 17892.03 17892.03 4.95 0.03 
Plant Condition 1 14878.17 14878.17 4.12 0.05 
Grasshopper × Plant Condition 1 9917.07 9917.07 2.74 0.11 
Residuals 28 101167.96 3613.14   
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Figure 18. Mean consumption (mg/day/grasshopper) ± SE by grasshopper of A. xanthoptera, E. simplex, M. differentialis, M. 
femurrubrum and P. delicatula on grasses Shawnee, Kanlow and big bluestem. Different letters show significant difference (α = 0.05).
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Figure 19. Mean amount of consumption (mg/day/grasshopper) ± SE of grasshoppers, M. 
differentialis and M. femurrubrum on turgid and wilted grass condition of Shawnee. 
Different letters on each bar pair show significant difference (α = 0.05). 
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Chapter 6  
Overall Conclusions and Management Implications 
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My dissertation includes several aspects of rangeland grasshoppers in field and 
laboratory experiments. The conclusions drawn from these projects will facilitate the 
understanding of the biology, ecology, species specific habitats and potential outbreaks of 
these species. The results of these studies will be helpful for ranchers, extension 
personnel to aid in management decisions for rangeland grasshoppers. 
There are numerous ecological factors which are important in the distribution and 
abundance of grasshoppers. The Eastern parts of Nebraska have higher average 
precipitation than the western parts. Due to differences in average precipitation and soil 
qualities, eastern parts of Nebraska have mostly row crops while the majority of the 
western parts remain as rangeland. Rangelands occur across multiple level 3 ecoregions 
which vary in plant composition, rainfall patterns.   
The results of analysis of grasshopper species associations with Nebraska 
ecoregions will be useful in predicting hotspots for economically important grasshoppers. 
At the state level (approximately two third of Nebraska), I found that grasshopper species 
are associated with certain geographic features. The ecoregions are defined based on 
geology, physiography, plant community, climate and soil type. Documenting the 
association of grasshopper species to specific ecoregions will facilitate in identifying 
oviposition sites leading to more targeted sites. A single species is normally the cause of 
grasshopper outbreaks in an area, thus predicting primary areas where that species is 
frequently abundant would be useful prior to management actions. In addition, with such 
areas delineated, rangeland grasshopper monitoring resources such as those employed by 
The U.S. Department of Agriculture Animal and Plant Health Inspection Service (USDA-
APHIS) could be allocated more efficiently. 
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The correct description of species helps improve the understanding of habitat, 
feeding habits, life history and host preference of an insect, which would ultimately lead 
towards the appropriate management techniques for that species. In the next chapter of 
my dissertation, I use morphological and genetic techniques to examine grasshopper 
taxonomy. Closely related grasshoppers appeared to occur on different host plants and 
have subtle differences in phenotype and behavior, leading to the hypothesis that these 
forms were different species. I examined male aedeagi for four different potential species 
of Melanoplus bowditchi group. No significant differences were found. I then used 
molecular techniques to test for genetic differences among the populations of Melanoplus 
bowditchi.  In my M. bowditchi study, no distinct clade for all populations was found 
though they differ in their phenotypic as well as in behavioral characters. Thus, 
describing a grasshopper species based on host plants appears invalid though phenotypic 
differences indicate gene plus environment interactions that should be further explored. 
In addition to consuming vegetation, grasshoppers also clip vegetation producing 
the possibility of additional damage to rangeland forage. The fact that grasshopper clip 
vegetation has often been neglected in previous studies. I quantified the amount of 
clippings and grasshopper behavior with varying levels of plant moisture. I used 
laboratory experiments to quantify feeding and clipping. Clipping behavior may be 
influenced by a number of ecological factors. The choice of a particular grass by a 
grasshopper often depends on preference for it, but water status of plant also affects the 
choice. My results suggest that amount of clipping varies with grasshopper species and 
that water status of plants play a significant role during grasshopper herbivory. This study 
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shows that clipping can be a substantial proportion of the injury caused by grasshoppers 
and that condition of host plant must be considered.  
Many grasshoppers are generalist feeders and specific feeding preferences are 
unknown for many species. I tested grasshopper species response to switchgrass which is 
being developed for biofuel. Although grasshoppers prefer certain plants to others, but it 
is likely that factors like water, leaf anatomy and plant chemistry affects feeding choice 
in grasshoppers. The results of my studies indicate that grasshoppers have the potential to 
be a severe pest of switchgrass. These data will aid in predicting the extent of damage in 
the field. I found large differences at the species and subfamilies level of grasshopper in 
their feeding preference. It is important to develop management plans to prevent 
switchgrass biofuel crops from the damaging effects of some species of grasshoppers. 
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List of Appendices 
Appendix A. 
Ecoregion Level Distribution of Common Nebraska Rangeland grasshoppers. 
Appendix A.1 
Grasshopper species and counts at different parts of level 3 ecoregion of Nebraska for the 
year 2008-10. (Chapter 2) 
Species CGP HP NGP NSH NWGP 
Acrolophitus hirtipes 
 
1 
 
8 
 Aeoloplides turnbulli 2 24 
 
1 
 Aeropedellus clavatus 
 
22 
 
24 9 
Ageneotettix deorum 19 1825 19 2401 113 
Amphitornus coloradus 
 
150 1 150 30 
Arphia conspersa 
 
2 
   Arphia pseudonietana 
 
15 1 80 2 
Arphia simplex 
 
1 
   Arphia xanthoptera 
   
15 
 Aulocara elliotti 
 
345 
  
19 
Aulocara femoratum 
 
66 
  
4 
Boopedon nubilum 1 14 
   Brachystola magna 
 
5 2 5 
 Camnula pellucida 1 11 
 
4 
 Campylacantha olivacea 2 5 19 61 1 
Chorthippus curtipennis 
   
8 
 Cordillacris crenulata 
 
17 
   Cordillacris occipitalis 
 
781 
 
38 
 Dactylotum bicolor 
 
3 
 
4 
 Derotmema haydeni 
 
4 
 
3 
 Dichromorpha viridis 
   
3 
 Dissosteira carolina 
 
6 
   Dissostiera carolina 
   
1 
 Encoptolophus costalis 
 
12 8 14 26 
Eritettix simplex 
 
8 
 
3 2 
Hadrotettix trifasciatus 
 
10 
  
4 
Hesperotettis speciosus 
   
1 
 Hesperotettix speciosus 25 62 1 51 
 Hesperotettix viridis 
 
56 
 
33 3 
Hippiscus ocelote 
 
3 
 
52 
 Hypochlora alba 
 
15 2 63 2 
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     Appendix A.1 (cont.) 
                                                                                              
Melanoplus angustipennis 
 
346 22 1417 10 
Melanoplus bispinosus 
   
3 
 Melanoplus bivittatus 8 163 1 56 11 
Melanoplus bivittaus 
 
3 
   Melanoplus bowditchi 
 
9 
 
1 
 Melanoplus confusus 2 153 
 
31 7 
Melanoplus dawsoni 
 
68 1 26 4 
Melanoplus differentialis 5 32 
 
25 
 Melanoplus discolor 
 
3 
   Melanoplus femurrubrum 50 229 112 309 34 
Melanoplus flavidus 
 
4 2 86 
 Melanoplus foedus 
 
18 
 
50 
 Melanoplus gladstoni 
 
14 1 24 3 
Melanoplus infantilis 
 
289 
 
6 8 
Melanoplus keeleri 
 
4 8 8 1 
Melanoplus lakinus 8 33 2 1 
 Melanoplus occidentalis 
 
9 
   Melanoplus packardii 2 25 
 
1 6 
Melanoplus sanguinipes 7 1470 3 359 261 
Mermiria bivittata 2 86 4 135 7 
Mestobregma plattei 
    
1 
Metator pardalinus 
 
13 
  
5 
Mormon Cricket 
 
8 
   Opeia obscura 1 200 1 621 59 
Orphulella pelidna 
 
37 12 9 
 Orphulella speciosa 73 39 26 116 8 
Orpulella speciosa 
   
1 
 Pardalophora haldemani 
 
7 
 
4 
 Paropomala wyomingensis 
 
63 2 134 3 
Phlibostroma quadrimaculatum 
 
35 
 
113 3 
Phoetaliotes nebrascensis 47 419 98 1161 31 
Pseudopomala brachyptera 
 
10 
 
6 
 Psoloessa delicatula 
 
13 
   Psoloessa texana 
   
16 
 Schistocerca lineata 
   
15 
 Spharagemon bolli 
 
2 
   Spharagemon collare 
 
56 4 132 1 
Spharagemon equale 
 
31 
 
1 11 
Syrbula admirabilis 13 
  
4 
 Trachyrhachys aspera 
   
1 
 Trachyrhachys kiowa 1 205 
 
67 105 
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Appendix A.2 
Grasshopper species and counts at different parts of level 4 ecoregion of Nebraska with 
Level 3 ecoregion (2008-10). 
 
Level 4 Species Counts 
ALA Acrolophitus hirtipes 5 
ALA Aeoloplides turnbulli 1 
ALA Aeropedellus clavatus 14 
ALA Ageneotettix deorum 776 
ALA Amphitornus coloradus 59 
ALA Arphia pseudonietana 4 
ALA Brachystola magna 1 
ALA Campylacantha olivacea 1 
ALA Chorthippus curtipennis 1 
ALA Cordillacris occipitalis 35 
ALA Dactylotum bicolor 4 
ALA Encoptolophus costalis 1 
ALA Eritettix simplex 3 
ALA Hesperotettix speciosus 8 
ALA Hesperotettix viridis 9 
ALA Hippiscus ocelote 5 
ALA Hypochlora alba 2 
ALA Melanoplus angustipennis 463 
ALA Melanoplus bivittatus 11 
ALA Melanoplus confusus 12 
ALA Melanoplus dawsoni 1 
ALA Melanoplus femurrubrum 20 
ALA Melanoplus flavidus 23 
ALA Melanoplus foedus 30 
ALA Melanoplus sanguinipes 107 
ALA Mermiria bivittata 34 
ALA Opeia obscura 140 
ALA Orphulella pelidna 3 
ALA Orphulella speciosa 9 
ALA Pardalophora haldemani 2 
ALA Paropomala wyomingensis 49 
ALA Phlibostroma quadrimaculatum 19 
ALA Phoetaliotes nebrascensis 189 
ALA Psoloessa texana 9 
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Appendix A.2 (cont.) 
 
 
ALA Spharagemon collare 48 
ALA Trachyrhachys kiowa 32 
CNLP Ageneotettix deorum 5 
CNLP Campylacantha olivacea 2 
CNLP Hesperotettix speciosus 17 
CNLP Melanoplus bivittatus 5 
CNLP Melanoplus confusus 1 
CNLP Melanoplus differentialis 2 
CNLP Melanoplus femurrubrum 46 
CNLP Melanoplus sanguinipes 3 
CNLP Orphulella speciosa 40 
CNLP Phoetaliotes nebrascensis 33 
CNLP Syrbula admirabilis 9 
HT Ageneotettix deorum 4 
HT Arphia pseudonietana 1 
HT Campylacantha olivacea 10 
HT Encoptolophus costalis 1 
HT Hesperotettix speciosus 3 
HT Melanoplus angustipennis 12 
HT Melanoplus femurrubrum 65 
HT Melanoplus keeleri 2 
HT Mermiria bivittata 1 
HT Opeia obscura 1 
HT Orphulella speciosa 10 
HT Phoetaliotes nebrascensis 48 
HT Spharagemon collare 2 
KPT Aeropedellus clavatus 3 
KPT Ageneotettix deorum 29 
KPT Amphitornus coloradus 3 
KPT Brachystola magna 2 
KPT Campylacantha olivacea 12 
KPT Encoptolophus costalis 6 
KPT Eritettix simplex 1 
KPT Hesperotettix viridis 2 
KPT Hypochlora alba 4 
KPT Melanoplus angustipennis 19 
KPT Melanoplus bivittatus 2 
KPT Melanoplus confusus 3 
KPT Melanoplus dawsoni 5 
KPT Melanoplus femurrubrum 45 
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Appendix A.2 (cont.) 
 
KPT Melanoplus flavidus 2 
KPT Melanoplus gladstoni 1 
KPT Melanoplus keeleri 7 
KPT Melanoplus lakinus 2 
KPT Melanoplus sanguinipes 15 
KPT Orphulella pelidna 12 
KPT Orphulella speciosa 15 
KPT Paropomala wyomingensis 2 
KPT Phoetaliotes nebrascensis 55 
KPT Spharagemon collare 3 
KPT Trachyrhachys kiowa 1 
LA Aeropedellus clavatus 2 
LA Ageneotettix deorum 223 
LA Amphitornus coloradus 24 
LA Arphia pseudonietana 5 
LA Arphia xanthoptera 4 
LA Brachystola magna 1 
LA Camnula pellucida 1 
LA Campylacantha olivacea 22 
LA Chorthippus curtipennis 1 
LA Encoptolophus costalis 3 
LA Hesperotettix speciosus 6 
LA Hesperotettix viridis 3 
LA Hippiscus ocelote 8 
LA Hypochlora alba 7 
LA Melanoplus angustipennis 156 
LA Melanoplus bivittatus 17 
LA Melanoplus confusus 4 
LA Melanoplus dawsoni 6 
LA Melanoplus differentialis 16 
LA Melanoplus femurrubrum 57 
LA Melanoplus flavidus 21 
LA Melanoplus foedus 2 
LA Melanoplus sanguinipes 19 
LA Mermiria bivittata 12 
LA Opeia obscura 39 
LA Orphulella pelidna 2 
LA Orphulella speciosa 10 
LA Paropomala wyomingensis 33 
LA Phlibostroma quadrimaculatum 4 
LA Phoetaliotes nebrascensis 143 
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Appendix A.2 (cont.) 
 
LA Psoloessa texana 2 
LA Schistocerca lineata 2 
LA Spharagemon collare 14 
LA Syrbula admirabilis 3 
LA Trachyrhachys kiowa 7 
MRR Aeoloplides turnbulli 6 
MRR Aeropedellus clavatus 1 
MRR Ageneotettix deorum 277 
MRR Amphitornus coloradus 20 
MRR Arphia pseudonietana 7 
MRR Arphia simplex 1 
MRR Aulocara elliotti 3 
MRR Camnula pellucida 10 
MRR Campylacantha olivacea 5 
MRR Cordillacris crenulata 2 
MRR Cordillacris occipitalis 16 
MRR Dissosteira carolina 1 
MRR Encoptolophus costalis 7 
MRR Eritettix simplex 1 
MRR Hesperotettix speciosus 43 
MRR Hesperotettix viridis 2 
MRR Hippiscus ocelote 1 
MRR Hypochlora alba 5 
MRR Melanoplus angustipennis 124 
MRR Melanoplus bivittatus 18 
MRR Melanoplus bowditchi 5 
MRR Melanoplus confusus 6 
MRR Melanoplus dawsoni 2 
MRR Melanoplus differentialis 17 
MRR Melanoplus femurrubrum 132 
MRR Melanoplus flavidus 2 
MRR Melanoplus foedus 3 
MRR Melanoplus gladstoni 5 
MRR Melanoplus infantilis 5 
MRR Melanoplus lakinus 10 
MRR Melanoplus packardii 4 
MRR Melanoplus sanguinipes 208 
MRR Mermiria bivittata 19 
MRR Opeia obscura 92 
MRR Orphulella pelidna 15 
MRR Orphulella speciosa 7 
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Appendix A.2 (cont.) 
 
MRR Phlibostroma quadrimaculatum 4 
MRR Phoetaliotes nebrascensis 217 
MRR Psoloessa delicatula 1 
MRR Spharagemon collare 20 
MRR Spharagemon equale 3 
MRR Trachyrhachys kiowa 47 
PBH Aeoloplides turnbulli 17 
PBH Aeropedellus clavatus 3 
PBH Ageneotettix deorum 673 
PBH Amphitornus coloradus 44 
PBH Arphia conspersa 2 
PBH Arphia pseudonietana 1 
PBH Aulocara elliotti 185 
PBH Aulocara femoratum 9 
PBH Boopedon nubilum 12 
PBH Brachystola magna 3 
PBH Camnula pellucida 1 
PBH Cordillacris occipitalis 614 
PBH Dactylotum bicolor 2 
PBH Derotmema haydeni 3 
PBH Eritettix simplex 1 
PBH Hadrotettix trifasciatus 8 
PBH Hesperotettix speciosus 10 
PBH Hesperotettix viridis 51 
PBH Melanoplus angustipennis 60 
PBH Melanoplus bivittatus 82 
PBH Melanoplus bowditchi 2 
PBH Melanoplus confusus 89 
PBH Melanoplus differentialis 4 
PBH Melanoplus discolor 2 
PBH Melanoplus femurrubrum 21 
PBH Melanoplus foedus 8 
PBH Melanoplus gladstoni 1 
PBH Melanoplus infantilis 18 
PBH Melanoplus lakinus 21 
PBH Melanoplus occidentalis 6 
PBH Melanoplus packardii 10 
PBH Melanoplus sanguinipes 599 
PBH Mermiria bivittata 16 
PBH Metator pardalinus 11 
PBH Opeia obscura 4 
147 
 
  
1
3
4
 
  
Appendix A.2 (cont.) 
 
PBH Orphulella speciosa 1 
PBH Pardalophora haldemani 7 
PBH Paropomala wyomingensis 2 
PBH Phlibostroma quadrimaculatum 16 
PBH Phoetaliotes nebrascensis 4 
PBH Pseudopomala brachyptera 5 
PBH Psoloessa delicatula 2 
PBH Spharagemon bolli 2 
PBH Spharagemon collare 8 
PBH Spharagemon equale 14 
PBH Trachyrhachys kiowa 44 
PRE Acrolophitus hirtipes 1 
PRE Aeropedellus clavatus 11 
PRE Ageneotettix deorum 364 
PRE Amphitornus coloradus 25 
PRE Arphia pseudonietana 6 
PRE Aulocara elliotti 55 
PRE Aulocara femoratum 57 
PRE Boopedon nubilum 2 
PRE Cordillacris occipitalis 4 
PRE Dissosteira carolina 2 
PRE Encoptolophus costalis 4 
PRE Eritettix simplex 1 
PRE Hesperotettix speciosus 2 
PRE Hesperotettix viridis 3 
PRE Hippiscus ocelote 1 
PRE Hypochlora alba 10 
PRE Melanoplus angustipennis 3 
PRE Melanoplus bivittatus 47 
PRE Melanoplus bivittaus 3 
PRE Melanoplus confusus 31 
PRE Melanoplus dawsoni 65 
PRE Melanoplus discolor 1 
PRE Melanoplus femurrubrum 21 
PRE Melanoplus infantilis 5 
PRE Melanoplus keeleri 4 
PRE Melanoplus packardii 9 
PRE Melanoplus sanguinipes 364 
PRE Mermiria bivittata 47 
PRE Mormon Cricket 8 
PRE Opeia obscura 29 
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Appendix A.2 (cont.) 
 
PRE Orphulella pelidna 4 
PRE Orphulella speciosa 14 
PRE Phoetaliotes nebrascensis 160 
PRE Pseudopomala brachyptera 2 
PRE Spharagemon collare 5 
PRE Spharagemon equale 2 
PRE Trachyrhachys kiowa 40 
PRV Orphulella speciosa 4 
PRVT Aeoloplides turnbulli 1 
PRVT Ageneotettix deorum 12 
PRVT Amphitornus coloradus 4 
PRVT Brachystola magna 2 
PRVT Cordillacris occipitalis 10 
PRVT Dactylotum bicolor 1 
PRVT Encoptolophus costalis 1 
PRVT Hesperotettix speciosus 6 
PRVT Hippiscus ocelote 1 
PRVT Melanoplus angustipennis 10 
PRVT Melanoplus bivittatus 11 
PRVT Melanoplus bowditchi 1 
PRVT Melanoplus confusus 1 
PRVT Melanoplus differentialis 10 
PRVT Melanoplus femurrubrum 41 
PRVT Melanoplus lakinus 1 
PRVT Melanoplus sanguinipes 10 
PRVT Orphulella pelidna 18 
PRVT Orphulella speciosa 17 
PRVT Phoetaliotes nebrascensis 28 
PRVT Pseudopomala brachyptera 2 
PRVT Spharagemon collare 8 
PRVT Trachyrhachys kiowa 3 
RPB Aeoloplides turnbulli 2 
RPB Ageneotettix deorum 21 
RPB Boopedon nubilum 1 
RPB Camnula pellucida 1 
RPB Hesperotettix speciosus 9 
RPB Melanoplus bivittatus 3 
RPB Melanoplus confusus 1 
RPB Melanoplus differentialis 3 
RPB Melanoplus femurrubrum 2 
RPB Melanoplus lakinus 8 
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Appendix A.2 (cont.) 
 
RPB Melanoplus packardii 2 
RPB Melanoplus sanguinipes 4 
RPB Mermiria bivittata 4 
RPB Opeia obscura 2 
RPB Orphulella speciosa 30 
RPB Phoetaliotes nebrascensis 14 
RPB Syrbula admirabilis 4 
RPB Trachyrhachys kiowa 1 
RSP Ageneotettix deorum 18 
RSP Amphitornus coloradus 7 
RSP Cordillacris occipitalis 4 
RSP Dissosteira carolina 1 
RSP Melanoplus angustipennis 22 
RSP Melanoplus bivittatus 2 
RSP Melanoplus bowditchi 1 
RSP Melanoplus differentialis 1 
RSP Melanoplus foedus 6 
RSP Melanoplus sanguinipes 1 
RSP Mermiria bivittata 2 
RSP Paropomala wyomingensis 2 
RSP Spharagemon collare 2 
SH Acrolophitus hirtipes 3 
SH Aeropedellus clavatus 8 
SH Ageneotettix deorum 1374 
SH Amphitornus coloradus 67 
SH Arphia pseudonietana 71 
SH Arphia xanthoptera 10 
SH Brachystola magna 3 
SH Camnula pellucida 3 
SH Campylacantha olivacea 34 
SH Chorthippus curtipennis 6 
SH Cordillacris occipitalis 3 
SH Derotmema haydeni 3 
SH Dichromorpha viridis 2 
SH Dissostiera carolina 1 
SH Encoptolophus costalis 10 
SH Hesperotettis speciosus 1 
SH Hesperotettix speciosus 34 
SH Hesperotettix viridis 21 
SH Hippiscus ocelote 39 
SH Hypochlora alba 49 
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Appendix A.2 (cont.) 
 
SH Melanoplus angustipennis 771 
SH Melanoplus bivittatus 27 
SH Melanoplus bowditchi 1 
SH Melanoplus confusus 15 
SH Melanoplus dawsoni 19 
SH Melanoplus differentialis 6 
SH Melanoplus femurrubrum 190 
SH Melanoplus flavidus 40 
SH Melanoplus foedus 18 
SH Melanoplus gladstoni 24 
SH Melanoplus infantilis 6 
SH Melanoplus keeleri 8 
SH Melanoplus lakinus 1 
SH Melanoplus packardii 1 
SH Melanoplus sanguinipes 233 
SH Mermiria bivittata 87 
SH Opeia obscura 437 
SH Orphulella pelidna 1 
SH Orphulella speciosa 94 
SH Orpulella speciosa 1 
SH Pardalophora haldemani 2 
SH Paropomala wyomingensis 51 
SH Phlibostroma quadrimaculatum 90 
SH Phoetaliotes nebrascensis 790 
SH Pseudopomala brachyptera 6 
SH Psoloessa texana 3 
SH Schistocerca lineata 13 
SH Spharagemon collare 65 
SH Spharagemon equale 1 
SH Syrbula admirabilis 1 
SH Trachyrhachys aspera 1 
SH Trachyrhachys kiowa 27 
SPSP Aeropedellus clavatus 6 
SPSP Ageneotettix deorum 90 
SPSP Amphitornus coloradus 28 
SPSP Arphia pseudonietana 2 
SPSP Aulocara elliotti 19 
SPSP Aulocara femoratum 4 
SPSP Encoptolophus costalis 26 
SPSP Eritettix simplex 1 
SPSP Hadrotettix trifasciatus 4 
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Appendix A.2 (cont.) 
 
SPSP Hesperotettix viridis 1 
SPSP Melanoplus angustipennis 4 
SPSP Melanoplus bivittatus 10 
SPSP Melanoplus confusus 4 
SPSP Melanoplus femurrubrum 25 
SPSP Melanoplus gladstoni 3 
SPSP Melanoplus infantilis 8 
SPSP Melanoplus packardii 6 
SPSP Melanoplus sanguinipes 249 
SPSP Mermiria bivittata 7 
SPSP Mestobregma plattei 1 
SPSP Metator pardalinus 5 
SPSP Opeia obscura 59 
SPSP Paropomala wyomingensis 3 
SPSP Phlibostroma quadrimaculatum 3 
SPSP Phoetaliotes nebrascensis 26 
SPSP Spharagemon equale 11 
SPSP Trachyrhachys kiowa 104 
SRB Ageneotettix deorum 9 
SRB Encoptolophus costalis 1 
SRB Melanoplus femurrubrum 11 
SRB Mermiria bivittata 3 
SRB Orphulella speciosa 9 
SST Aeropedellus clavatus 7 
SST Ageneotettix deorum 474 
SST Amphitornus coloradus 50 
SST Arphia pseudonietana 1 
SST Aulocara elliotti 102 
SST Cordillacris crenulata 15 
SST Cordillacris occipitalis 133 
SST Derotmema haydeni 1 
SST Dissosteira carolina 2 
SST Eritettix simplex 5 
SST Hadrotettix trifasciatus 2 
SST Melanoplus angustipennis 127 
SST Melanoplus bivittatus 3 
SST Melanoplus confusus 26 
SST Melanoplus dawsoni 1 
SST Melanoplus femurrubrum 16 
SST Melanoplus flavidus 2 
SST Melanoplus foedus 1 
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Appendix A.2 (cont.) 
 
SST Melanoplus gladstoni 8 
SST Melanoplus infantilis 261 
SST Melanoplus lakinus 1 
SST Melanoplus occidentalis 3 
SST Melanoplus packardii 2 
SST Melanoplus sanguinipes 288 
SST Metator pardalinus 2 
SST Opeia obscura 74 
SST Paropomala wyomingensis 59 
SST Phlibostroma quadrimaculatum 15 
SST Phoetaliotes nebrascensis 10 
SST Pseudopomala brachyptera 1 
SST Psoloessa delicatula 10 
SST Spharagemon collare 13 
SST Spharagemon equale 12 
SST Trachyrhachys kiowa 71 
SST Xanthippus corallipes 5 
WMMP Ageneotettix deorum 28 
WMMP Arphia xanthoptera 1 
WMMP Campylacantha olivacea 2 
WMMP Dichromorpha viridis 1 
WMMP Hesperotettix speciosus 1 
WMMP Hypochlora alba 5 
WMMP Melanoplus angustipennis 24 
WMMP Melanoplus bispinosus 3 
WMMP Melanoplus bivittatus 1 
WMMP Melanoplus differentialis 3 
WMMP Melanoplus femurrubrum 42 
WMMP Melanoplus flavidus 2 
WMMP Mermiria bivittata 2 
WMMP Opeia obscura 5 
WMMP Orphulella pelidna 3 
WMMP Orphulella speciosa 2 
WMMP Paropomala wyomingensis 1 
WMMP Phoetaliotes nebrascensis 39 
WMMP Psoloessa texana 2 
WMMP Spharagemon collare 5 
WMMP Trachyrhachys kiowa 1 
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Appendix A.3 
Abbreviations for ecoregions displayed in tables and figures of ecoregion level 
distribution of grasshoppers (Chapter 2). 
 
Abbreviations Used for Level 3 Ecoregions 
CGP: Central Great Plains 
HP: High Plains 
NGP: Northwestern Glaciated Plains 
NSH: Nebraska Sand Hills 
NWGP: Northwestern Great Plains 
 
Abbreviations Used for Level 4 Ecoregions (within level 3) 
Central Great Plains 
CNLP: Central Nebraska Loess Plains 
PRV: Platte River Valley 
RBP: Rainwater Basin Plains 
RPB: Rolling Plains and Breaks 
High Plains 
MRR: Moderate Relief Rangeland 
PBH: Pine Bluffs and Hills 
PRE: Pine Ridge Escarpment 
Appendix A.3 (cont.) 
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         Appendix A.3 (cont.) 
 
PRVT: Platte River Valley and Terraces 
RSP: Rolling Sand Plains 
SST: Sandy and Silty Tablelands 
Northwestern Glaciated Plains 
HT: Holt Tablelands 
PP: Ponca Plains 
SRB: Southern River Breaks 
Nebraska Sand Hills 
ALA: Alkaline Lakes Area 
LA: Lakes Area 
SH: Sand Hills 
WMMP: Wet Meadows and Marsh Plains 
Northwestern Great Plains 
KPT: Keya Paha Tablelands 
NRB: Niobrara River Breaks 
SPSP: Semiarid Pierre Shale Plains 
WRB: White River Badlands 
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Appendix B 
Binary data using each primer set for all the populations of Melanoplus bowditchi (Chapter 3) 
Primer Set 1 
mbf1 011001000000000000010001011000011001101011000111110101100111101101010101011101111111111111110 
mbf2 011010110000000001100001101000011101011101000111110101101111011001010101111110111111111111110 
mbf3 000010100000000100000001101000011000100101000111111101100111001011010100111100011111111111110 
mbf4 000000100000000000000001001000011101101100000111111101100011001010011000011100011111011111110 
mbf5 000010000000000000001001101000111101011110111111111111010010100000110101111010101111111111110 
mbf6 001001110000000000001011001101011111010001111011110100100011001011010100111011011110111111010 
mbf7 000000110000000101111001101000011001001100011011110101010011101000010111111100111111111111110 
mbf8 010000110000010101010001101001111111111100011011110101100010101001010101011111111111111111111 
mbb1 000000000000000000000000100000100000000000000010011100000101110000010100101101010110111111111 
mbb2 010010100000000100010001101000111000001111000111011100100111101010101010111101111111111111110 
mbb3 010000100000000110000001011000111000100100100110111000100111000000100100011100011111111111100 
mbb4 000000100000001110000101000000000000001100000110011001000000100010001100111100011011111111000 
mbb5 00000000000000010000000100100000000000000000011110100000011100000100010011110000011111111110
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               Appendix B (cont.) 
mbb6 010000010000000000000001101000111000011111011111101001000111101011001111111101111111111111101 
mbb7 000000000000000101000000000000011000000001110010001100000000000001100000000000000000100100101 
mbb8 000000010000000001000001011001011000001111110111010110100110000101000000110011111100110110101 
mbb9 010010010000000101010001101000111111101100010111111101101011010001010011011101011110111111000 
mbb10 000100000000000000000001000000010000000001101000001000000000000000000000000000000000000000001 
mbb11 010010010000000001000001000000000000000000111111101100110010000000111000000110011110111111101 
mbt1 010001110000000100000001101000011000001110001111111001100010010010011011011111011011111111100 
mbt2 010001100000000001001101001000011001101000000011110101100011111000101011011110111010111111100 
mbt3 000000110000000000000001100000001000001100000011010001110011000100011011001111001101111111000 
mbc1 000000000000000000000001101000011000001000000101110101010010010000011010010011011011001111110 
mbc2 011000110000000000001001111000110000011100000101110101100011011010010111111111111111111111101 
mbc3 011101110010001101101001101000011000010000000111011111001010101101011001110111111111111111101 
mbc4 000000000000000000000000001000110000000100011001001100100010110000010001000100001110011111011 
mbc5 010000100000001000000001101000010000010110000011011111000111010000101001111010011111111111110
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               Appendix B (cont.) 
mbc6 000000000000000000000001001000010000000000000000001110000001100000000010000000010101000101110 
mbc7 000000110000000000000001101000011110110110000011111101000101010101001000111100111111111111111 
mbc8 000000000000000000000000000000000000000000011101000000000000000000000000000000000010000000000 
mbc9 000000000000000000000000001000010000000100011011001111000000000000011000001000001010011111101 
mbc10 000000000000000000000011100000010000000000011111110110000010000000001000001000000110011000000 
mfc1 000000010000000000000000101000010000011110011011111101100101011110101001111101111111011111111 
mfc2 000001010000000000000001101000110000010000000011111111000011010001001000111111111000111111101 
mfc3 000000000000000000000000101000000000001000011001000110000101000010010000010000101010111111101 
mfc4 000000010000000000000001101000000000001000011101011100000111000010011011010100111011111111101 
mfc5 010001110010000100001001011000010000101100011010111111010011010001110010011101111111111111101 
mfc6 000000010000000000000001111110010100011110011111101110010111100001010010010000111111111111101 
scd1 000100010000000000000000011111001100000000001110010100000110001001100100011001011101111111111 
control 000000000000000000000000000000000000000000000000000000010000000000000000000001000000000000001
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Appendix B (cont.) 
Primer set 2 
mbf1 
1111100011101100110100100100110100000000000000000110110110111111101010010001000000010000000000000001110110101100 
mbf2 
0111001001100000010100100100110100000000010000100110110110111111101011110100001000001101001001010111100111111100 
mbf3 
1111001001110000010100100100110110000000101100100010110010111101101011110010100010011010001111000011110111111000 
mbf4 
0111000001000000110100101100110100000000110000100010110010111111101111010000100100011000001001000011111010101100 
mbf5 
0011010000000000110100100100110100000100110000000110110110111111101011110000100100110011001001000011111011111101 
mbf6 
1110110010110000110100100100100110100010001010000010110100111111101101010000001010010000001001000011100111111101 
mbf7 
1111110000010000110100000100100100000000010000100010110101101111101110010010000010010000001001000011100110101100
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Appendix B (cont.) 
 
mbf8 
1011110101000000010100000100100100100100010000100010110110111111101010010010001010010001001000101011101010101100 
mbb1 
0000000000000000000100000100000100000010000000000010110010111101101010101100001000011010001101100001101010111101 
mbb2 
0001110000000000000100000100000100000000000100000010110010111111101011010100000010001000100001100010101010111100 
mbb3 
0001110001000000000100000100000100000000100000001010110110111011101111010000100100110001101011010100101111111100 
mbb4 
1111110001000000000100010100000110100000010100000010110110111011101010010000101000011000100010000011010111111000 
mbb5 
0101000001000000101100000100000100000100100000000010010111011011101011010000101010011001100111000101110111111000 
mbb6 
1111110001000000001010000100100110000000000000000010000111011111101001010100100000111100100100001111110111110000 
mbb7 
1100110001000000101100100000100110000100110001000010111101011111101101010100101000110000101100010011100111111010
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Appendix B (cont.) 
 
mbb8 
0000110001100000101000000100000110000100110100000010110111011111001111010000100000011010100100011111110111011001 
mbb9 
0000010001000000111000000100000110000100110000100010110111011110101111010100100010010110100100001111111111101001 
mbb10 
1100110001100000011000000100000000100100000000000010101101011111000011010000100010011000100100000101110011001011 
mbb11 
0000001001000000001000000100100101000100001000001010110111010111111111100000010010110000100010100101101111010001 
mbt1 
1111110001100000001010000100100100000100100100100010110111011111101111100000100000101000101110010111110111111001 
mbt2 
0000000001100000101100100100010100100000000100000010010111011111101101010101000010011000110010001001110111111001 
mbt3 
1010100000000000001000000100000100101000010100000011110111011100010101010000100011000000101110100111100111100001 
mbc1 
0010011010000000110100100100010100000000001001000010110111011111100111010100110010010100101110001101110011110001
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Appendix B (cont.) 
mbc2 
0111111010100000001000100100000100000000100001000010110111011111100000010000100010000000100000000111000000000001 
mbc3 
1011110010100000101000010000000110000000110000110110110111011111100011010000010001011000101111010101111111111001 
mbc4 
0010000000000000001000000100000100000010000000100010110101011111101111010000110000111000101111100101010111010011 
mbc5 
1110110001000000100100000001000100000000000000100010110111011111101010010100101000010000101111010101101111010001 
mbc6 
0010010001000000000100000000010011000000001001100110111110111111100010010100101100001001100111010111001011011101 
mbc7 
1011010001010000000100100000100110110000000001001001110010011111101010010101001001111000101011100111110011110001 
mbc8 
1111111001101000110100000000110110100010001100100001011101011111101011010100101000011001100111010101100100111111 
mbc9 
0000000000000000000000100000100000000000100100000001000010111111101010110001000000011000101110000111110111001001
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Appendix B (cont.) 
mbc10 
0110101001100000010010000000100110100010000100000100110010011111111100010100100010011000001111000111100111001011 
mfc1 
0000000000000000000010100000010100000000000000000000101011011101100100010000000010011000101011000011000101011001 
mfc2 
0010000001100000000001100000010100100100000100100100110101011110101111010000000010011000001101000011010111110000 
mfc3 
0000000001000000000001000000010110111100110100100110111110011111101111010100010010011010101111000011000111011011 
mfc4 
1011011001000000000010000000010001101000001001000110111111011111100111010100100010010000100111000111001111111000 
mfc5 
0011000001101100000100101100110010100100000001000010111011011111001111110100000110011000100001100011100111010000 
mfc6 
0001010000101100000100000000100001001000000001000100111010111101001110101000000010011000101111110101110011100100 
scd3  
0000000000000000000000000000000000000100000000100000110111010000001101010100100010010001000001101011100110001010
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Appendix B (cont.) 
control 
0000000000000000000000000000000000000000000000100000000000000000000000000000000000000000000000001010000000100011 
Primer set 3 
mbf1 000000000001010001001000000010000001000101011110000000 
mbf2 011000000011010011001000010010110001000001111111010100 
mbf3 000000000011011011100101010110000101100001111110001000 
mbf4 000000010011011010000111010010100010000011111111000100 
mbf5 000000000001001000100100000010000000000001011110000100 
mbf6 00100000000000100100?1?0000000000000000001000001000001 
mbf7 000000001011010000100111010110111100111001011110100100 
mbf8 000000000001010000001001000110100100000001111111000100 
mbb1 000000000000000000000000000000000000000001010100000001 
mbb2 000000000001011000100100000110100100110001011111100100 
mbb3 000000000001010000100101000010010010101011111111001100
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Appendix B (cont.) 
 
mbb4 000010000101010000100111111110000100011001111111000100 
mbb5 000010000111010100100101011110111110111011111111111100 
mbb6 000000000001010001001001000110000110110001111111000000 
mbb7 001000000001001000001000000000000000000001000101000000 
mbb8 001000000000001000000000000000000000000001000101000000 
mbb9 011000000111010001001000001111110010110101111111000101 
mbb10 0010?000000100100000?0?0000010000000000001000001000001 
mbb11 000000000001010001001000000111010000000001111111100100 
mbt1 000000000001010001001000000111000000000001110111000100 
mbt2 000000000111010001001001010110010110000001111111101000 
mbt3 000000000011010010001001000111001000110001011111001000 
mbc1 000000000001010010010001011110110010000011111111101101
mbc2 000000000011011001010001110110110101000101111111101101 
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Appendix B (cont.) 
mbc3 010010010111011101000000011110011101111011111111011000 
mbc4 000000000000000000011001000010000010000001100101001000 
mbc5 000000000001010001001000010010000110001001111111101001 
mbc6 000000000000010001000000000010000000000001010101101101 
mbc7 000010000101010001001000000010000000000001111101101000 
mbc8 000100000000001000000000000000000000000001000100000000 
mbc9 000110000000001000001001000000000010000001010101001000 
mbc10 000111000101001000001001000010000010001001101101101000 
mfc1 000010000001011000010101000110000001000011011111001000 
mfc2 000000000001000000100001000010000100000001010101000000 
mfc3 000000000000000000100100000000000000000001010101100000 
mfc4 000000000000000000100100000010000000000001000101000110
mfc5 111011010111111100100111111111011101111011101111111010 
mfc6 000000000001010000100111000110001000100001101101101000 
scd3 101000000000011010000010100100100000111101000011001001 
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Appendix B (cont.) 
control 00000000000000000?00?10?000100000000000000000001000001 
Primer set 4 
mbf1 10111110111101010100001010100101111111111110100101001111111111101000101111011011011010 
mbf2 10111100111100011100001001010101001111101110100100101110111101111010100011010011011010 
mbf3 10110101110100110101001110000001001010101010101001101100111001110000101000010001110101 
mbf4 10011110110000000100001001000101001001101010101010011110101111101010111011110101011000 
mbf5 10000101100001010000010010000001010111101011111010101110110101101100011011010111000100 
mbf6 10000000100001011110000011100010011111101001111100010100100101100100011011010001110011 
mbf7 10101100000001000010010010000000011111010011100001011100011101101010101011010011011010 
mbf8 10000100000000110110011010100110010111110011101010001110011101110110101011010011111011 
mbb1 00000000000000000000010010000100011001000000100011110110101111100110111011010110001011
mbb2 10101010000000001110111010011010111010010101001010101100111111101010101011010011111010 
mbb3 10101000100000010010000010101010010111010000111010101110111111110000101111010011011010 
mbb4 10111011010101001011011011000110100111010110100010101110110111110100101011010101011001 
mbb5 10000000000000000100010010000001100111110110100011101000111111100010101111111010111010 
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Appendix B (cont.) 
mbb6 10000000000000000000010000100001010110111010011010111110110111100100101010010011111000 
mbb7 00000100001000000000011010000110010000011001000010110000111111000100010111110000100000 
mbb8 10000000111011011000100010000100010101010000111010110110101101101010011011010000010001 
mbb9 10001010110000011110111010100100000100110010100100100110101111101000101101110010111010 
mbb10 00000000000000000000000110000010010100011000010010110000000100000111011111010000110000 
mbb11 10101111000111001110001010000100011100101011110111101110011101110100101011010111011110 
mbt1 10111111101100110110001110010110000110101010100101101110000111101000101010010011011010 
mbt2 10111011100000000110001010101010001110101010010001100110101101100001101111011011011010 
mbt3 00010000001000000000001010000000010000100000000101000111100001110010001100001001110000 
mbc1 10100100110001011110101010100110000110101101100101011110101101101010010111110001010010
mbc2 00100000011000000101000100000011010110111010100011101000100111100010011011010010110100 
mbc3 10111011001100111101001001010010101111101101011111110111010111100100011100101011010100 
mbc4 00000000000000000001000001000001100011011000111000110110011111100010001111110010110011 
mbc5 10010100010111000101001001010100100100101101101000111110010111100100010111100011011000 
mbc6 10110001100101101111011001010100101100111110001101010111111111110000111011110111011011 
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Appendix B (cont.) 
mbc7 01001000000000000001000001000000100010000111000101011110010101101010010100110101010100 
mbc8 00000000001000000100000001100000000000001000010110110110100100101000010010000000010000 
mbc9 00000000010010100100000001000010001101011000010111110100100111100011010111110010111111 
mbc10 00000001000000110110101001000000000000001000110110111100010100100000010010000000100000 
mfc1 00000011100000001101001001010101011001001010010101111110011101100110010110110011110100 
mfc2 01011001111001110111001001001010110110111010111101011110011111101100101010110111011001 
mfc3 00000000000000000000000101000010010100000000110110111100011111100010010010100000111001 
mfc4 01001011011011011100010101010001100010111000111001110110000111110010010111110000011101 
mfc5 11111011111010010100101011010010110111111001111001101101110111111111110100110111111100
mfc6 01001011111011101101001011010011110111111000011101111101111111101110111111110011011011 
scd3 00000000000000000000000000010000000000000000011000000010010000000000001000110000100010 
control 00000000000000000000000010000000000000000000?000000000?0000000000000000000000000000000 
Primer set 5 
mbf1 01101111111001110111111111111111111011001 
mbf2 00101111110001110111001111101110001000001 
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Appendix B (cont.) 
mbf3 00000011010001100011001111100110000000001 
mbf4 00000001000000000001001110100110000000001 
mbf5 01001011110000000001111111100110001000000 
mbf6 01100001100001100011111011100111000100110 
mbf7 01101111111011111111111111111111101100010 
mbf8 00001111111001111111111111111111111011110 
mbb1 00000001000000000000000000100100000000001 
mbb2 00000000000000100000100111100110001000001
mbb3 00000000000000100000000111100110001000001 
mbb4 00000010000000000000000111100100000000011 
mbb5 00000000000000000000000000100100000000000 
mbb6 00000000000000000000000110100000000000001 
mbb7 00000000000000000000000000000000000100001 
mbb8 01100110100000101001111111100010000110110 
mbb9 00000010000000000000100110000000000000001 
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Appendix B (cont.) 
mbb10 00000000000000000000000010000000000100001 
mbb11 00000000000000000000000011000000000000001 
mbt1 00000010000000000000100110100000000000001 
mbt2 00000010000000000000000000000000000000001 
mbt3 01101111100001111111110111111111101111010 
mbc1 00000100000000000000000000000000000000000 
mbc2 01111111111001111111111111111111111011111
mbc3 00000010000000000000010111111000100100001 
mbc4 00000000000000000000000000000000000000001 
mbc5 00000000000000000000000010000000000000011 
mbc6 00000000000000000000000000000000000000011 
mbc7 00000000000000000000000000000000000000011 
mbc8 00000000000000000000000000000000000000001 
mbc9 00000000000000000000000000000000000000011 
mbc10 00000100010000110001100110000101000110011 
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Appendix B (cont.) 
mfc1 01000101110000010001100111110011110100011 
mfc2 01000000000000000000000010110000000000011 
mfc3 00000000000000000000000010000000000000011 
mfc4 00000000000000000000000010000000000000010 
mfc5 00000000000000000001100110010000000000001 
mfc6 00000100000000000000000010010000000000001
scd3 00000000000000000000001100000000010000010 
control 00000000000000000000000000?00000000000001 
Primer set 6 
mbf1 00110000100000001111101101001110000101110101011110111011111111110111111111111111101 
mbf2 11010101001110011001011111001111111111110111011010111011111111110111111111111111101 
mbf3 00011001101110101101101111001111010111111011111111011111110011110111101111111111111 
mbf4 00001111011110011101000101000111001101111101101111011101111111110101111110110111111 
mbf5 10001100001110001110011111001011001101110111111110101111111111110111111111111110011 
mbf6 01101110000101001100011000100010010001011011110000000000000001010001110010100010011 
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Appendix B (cont.) 
mbf7 10001010110100111001101110111010001100010110110011010010110100010101111111011110011 
mbf8 11001000001110011110110101111110101001111101001011110011110111111111111111011111111 
mbb1 00000100000000000000001000111000100101110101000011111011110101110111101101010111001 
mbb2 00000100101110010100100000100101100100010101110111110011110101110101111111011111011 
mbb3 00000110010110110100000100111111010100010111011111110001110111111111111111011111101
mbb4 10000111001111011101111110101010101100110101010111110011111100110111111111011111011 
mbb5 00000110001010001100101000101101001100011010000011110011110110110111111111010111111 
mbb6 00000110100000110101100011101010100001010110110011111011111100110111111111011111111 
mbb7 00100010000000001010001000001100111001010010000011001000100000010111100100010100011 
mbb8 01000110101010011111001010101100100001010001101100001010010100010111111011011101011 
mbb9 01000010011111000111110001101111011101010000111111011000110011110111111111010111011 
mbb10 00000010000000000000000000000000000000001000000000000000000000010001100100000001011 
mbb11 00000011001110000100101010100001010011010001110011101111110101010111111111010111011 
mbt1 10001010010111111101110011101110011111010101111111111101111111110111111111010111111 
mbt2 00100001101111111111001011111010101111010010111111101101111110111111111111011111011 
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Appendix B (cont.) 
mbt3 00100010001000010100101001000111000100001001000011111000111110010011111111010101011 
mbc1 00000011010101011110101001111000100010101000011011101100011011111101101111011111011 
mbc2 10000001111011011111101011010011100110101101111111101101111011110111101111010111011 
mbc3 10001001111111011110001111110101110100001001111111111101110110110111111111010111011
mbc4 00000000000000000000000000000000000001001000000001001010001000010011101100010101011 
mbc5 10010101011010011110111101010110010111001101010111011111111110110111111111110111011 
mbc6 01100001011010111011000000011100000000101011011110011110011111010111101101100101011 
mbc7 10100101011010111010101111011110110010001101111011011101011100010111111111100110011 
mbc8 11100001000000111001001100011100000001001001000010000101001000010001010011000010011 
mbc9 00100001000000000001101000001100000001001000000110111111101000110101101110100110011 
mbc10 00100001011010111011111111011100100001101000010010001011100000010001101110001101011 
mfc1 00000001100010110111001001110001001111001000011111111111001110110111111111111111111 
mfc2 00000001100011010010001001101011000001001010011101111110101100110111111111100111111 
mfc3 00000000110000000001001001011100000000001000010011101110101100110101101101100101011 
mfc4 00000000111010000101000010011110000000001000010001101101101100110101101101100101111 
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Appendix B (cont.) 
mfc5 00001100110010110111110111111111111011001001010011101101101110110111101111111111111 
mfc6 01101010110010111111101111111111110001011001011011111111101100110111111111101111011 
scd3 00000000000000000110000000001000000000000000000001000000100000101011101111100100011
control 0000000000000000000000000000000000000000000001000000000001100010001110011111111111 
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Appendix C 
Plant Species and Plant Water Content Affect Clipping Rates by Grasshopper Species (Chapter 4) 
Appendix C.1 
Amount of grasshopper clippings at high, medium and low moisture levels of big bluestem and buaffalograss. 
Insect Grass Moisture level Clipping (gram) clipping (mg) Clipping (mg)/day 
A.deorum Bluestem High 0.0204 20.4 6.8 
A.deorum Bluestem High 0 0 0 
A.deorum Bluestem High 0 0 0 
A.deorum Bluestem High 0.0157 15.7 5.233 
A.deorum Bluestem High 0.002 2 0.667 
S.collare Bluestem High 0 0 0 
S.collare Bluestem High 0 0 0 
S.collare Bluestem High 0.0015 1.5 0.5 
S.collare Bluestem High 0 0 0 
S.collare Bluestem High 0 0 0 
A.deorum Bluestem Medium 0 0 0 
A.deorum Bluestem Medium 0 0 0 
A.deorum Bluestem Medium 0.004 4 1.333 
A.deorum Bluestem Medium 0.012 12 4 
A.deorum Bluestem Medium 0 0 0 
S.collare Bluestem Medium 0 0 0 
S.collare Bluestem Medium 0.021 21 7 
S.collare Bluestem Medium 0 0 0 
S.collare Bluestem Medium 0 0 0 
S.collare Bluestem Medium 0.011 11 3.667 
 
 
 
1
7
6
 
     Appendix C.1 (cont.) 
 
                                                                 
 
A.deorum Bluestem Low 0 0 0 
A.deorum Bluestem Low 0 0 0 
A.deorum Bluestem Low 0.0035 3.5 1.167 
A.deorum Bluestem Low 0 0 0 
A.deorum Bluestem Low 0 0 0 
S.collare Bluestem Low 0 0 0 
S.collare Bluestem Low 0 0 0 
S.collare Bluestem Low 0 0 0 
S.collare Bluestem Low 0.001 1 0.333 
S.collare Bluestem Low 0 0 0 
A.deorum Buffalograss High 0 0 0 
A.deorum Buffalograss High 0.043 43 14.333 
A.deorum Buffalograss High 0.0383 38.3 12.767 
A.deorum Buffalograss High 0 0 0 
A.deorum Buffalograss High 0.037 37 12.333 
S.collare Buffalograss High 0.0707 70.7 23.567 
S.collare Buffalograss High 0.0715 71.5 23.833 
S.collare Buffalograss High 0.0357 35.7 11.9 
S.collare Buffalograss High 0.025 25 8.333 
S.collare Buffalograss High 0.085 85 28.333 
A.deorum Buffalograss Medium 0.0815 81.5 27.167 
A.deorum Buffalograss Medium 0.0582 58.2 19.4 
A.deorum Buffalograss Medium 0.0935 93.5 31.167 
A.deorum Buffalograss Medium 0.069 69 23 
A.deorum Buffalograss Medium 0.0556 55.6 18.533 
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     Appendix C.1 (cont.) 
 
S.collare Buffalograss Medium 0.032 32 10.667 
S.collare Buffalograss Medium 0.0058 5.8 1.933 
S.collare Buffalograss Medium 0.047 47 15.667 
S.collare Buffalograss Medium 0.0096 9.6 3.2 
S.collare Buffalograss Medium 0.0303 30.3 10.1 
A.deorum Buffalograss Low 0.0179 17.9 5.967 
A.deorum Buffalograss Low 0.0678 67.8 22.6 
A.deorum Buffalograss Low 0.0493 49.3 16.433 
A.deorum Buffalograss Low 0.004 4 1.333 
A.deorum Buffalograss Low 0.0188 18.8 6.267 
S.collare Buffalograss Low 0.067 67 22.333 
S.collare Buffalograss Low 0.034 34 11.333 
S.collare Buffalograss Low 0.041 41 13.667 
S.collare Buffalograss Low 0.015 15 5 
S.collare Buffalograss Low 0 0 0 
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Appendix C.2 
 
      
Grasshopper 
species Grass   clipping (mg)/day 
A. deorum Little bluestem 6.767 
A. deorum Little bluestem 2.667 
A. deorum Little bluestem 11.5 
A. deorum buffalograss 0 
A. deorum buffalograss 1.533 
A. deorum buffalograss 0 
S.collare Little bluestem 20.8 
S.collare Little bluestem 16.733 
S.collare Little bluestem 7.433 
S.collare buffalograss 1.7 
S.collare buffalograss 1.967 
S.collare buffalograss 14.4 
A.simplex Little bluestem 0 
A.simplex Little bluestem 3.767 
A.simplex Little bluestem 13.633 
A.simplex buffalograss 13.9 
A.simplex buffalograss 1.367 
A.simplex buffalograss 13 
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Appendix D 
Feeding Rates of Grasshopper Subfamilies Differ among Big bluestem and Switchgrass Cultivars (Chapter 5) 
 
Species  Grass  Feeding (grams)  Feeding (mg) Feeding mg/day  Subfamily  
M.femurrubrum Shawnee 0.034   34  11.333   Melanoplinae 
M.femurrubrum Shawnee 0.105   105  35   Melanoplinae 
M.femurrubrum Shawnee 0.235   235  78.333   Melanoplinae 
M.femurrubrum Shawnee 0.165   165  55   Melanoplinae 
M.femurrubrum Shawnee 0.285   285  95   Melanoplinae 
M.femurrubrum Shawnee 0.105   105  35   Melanoplinae 
M.femurrubrum Shawnee 0.064   64  21.333   Melanoplinae 
M.femurrubrum Shawnee 0.335   335  111.667   Melanoplinae 
M.femurrubrum Shawnee 0.105   105  35   Melanoplinae 
M.femurrubrum Shawnee 0.215   215  71.667   Melanoplinae 
M.femurrubrum Shawnee 0.185   185  61.667   Melanoplinae 
M.femurrubrum Shawnee 0.125   125  41.667   Melanoplinae
 
 
 
1
8
0
 
 
                                                                                                                                                                       Appendix D (cont.) 
M.femurrubrum Shawnee 0.155   155  51.667   Melanoplinae 
M.femurrubrum Shawnee 0.235   235  78.333   Melanoplinae 
M.femurrubrum Shawnee 0.285   285  95   Melanoplinae 
M.femurrubrum Shawnee 0.105   105  35   Melanoplinae 
M.femurrubrum Shawnee 0.064   64  21.333   Melanoplinae 
M.femurrubrum Shawnee 0.335   335  111.667   Melanoplinae 
M.femurrubrum Shawnee 0.105   105  35   Melanoplinae 
M.femurrubrum Shawnee 0.215   215  71.667   Melanoplinae 
M.femurrubrum Shawnee 0.185   185  61.667   Melanoplinae 
M.femurrubrum Shawnee 0.125   125  41.667   Melanoplinae 
M.femurrubrum Shawnee 0.155   155  51.667   Melanoplinae 
M.femurrubrum Shawnee 0.235   235  78.333   Melanoplinae 
M.differentialis Shawnee 0.745   745  248.333   Melanoplinae 
M.differentialis Shawnee 0.585   585  195   Melanoplinae 
M.differentialis Shawnee 0.675   675  225   Melanoplinae
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Appendix D (cont.) 
M.differentialis Shawnee 0.525   525  175   Melanoplinae 
M.differentialis Shawnee 0.805   805  268.333   Melanoplinae 
M.differentialis Shawnee 0.755   755  251.667   Melanoplinae 
M.differentialis Shawnee 0.825   825  275   Melanoplinae 
A.xanthoptera Shawnee 0.085   85  28.333   Oedipodinae 
A.xanthoptera Shawnee 0.105   105  35   Oedipodinae 
A.xanthoptera Shawnee 0.145   145  48.333   Oedipodinae 
A.xanthoptera Shawnee 0.054   54  18   Oedipodinae 
A.xanthoptera Shawnee 0.475   475  158.333   Oedipodinae 
A.xanthoptera Shawnee 0.085   85  28.333   Oedipodinae 
P.delicatula Shawnee 0.245   245  81.667   Gomphocerinae 
P.delicatula Shawnee 0.014   14  4.667   Gomphocerinae 
P.delicatula Shawnee 0.034   34  11.333   Gomphocerinae 
P.delicatula Shawnee 0.005   5  1.667   Gomphocerinae 
P.delicatula Shawnee 0.014   14  4.667   Gomphocerinae
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Appendix D (cont.) 
P.delicatula Shawnee 0.085   85  28.333   Gomphocerinae 
P.delicatula Shawnee 0.034   34  11.333   Gomphocerinae                                                                                                                                                                           
P.delicatula Shawnee 0.014   14  4.667   Gomphocerinae 
P.delicatula Shawnee 0.064   64  21.333   Gomphocerinae 
P.delicatula Shawnee 0.044   44  14.667   Gomphocerinae 
E.simplex Shawnee 0.024   24  8   Gomphocerinae 
E.simplex Shawnee 0.004   4  1.333   Gomphocerinae 
E.simplex Shawnee 0.024   24  8   Gomphocerinae 
E.simplex Shawnee 0.064   64  21.333   Gomphocerinae 
E.simplex Shawnee 0.025   25  8.333   Gomphocerinae 
E.simplex Shawnee 0.034   34  11.333   Gomphocerinae 
E.simplex Shawnee 0.054   54  18   Gomphocerinae 
E.simplex Shawnee 0.064   64  21.333   Gomphocerinae 
E.simplex Shawnee 0.085   85  28.333   Gomphocerinae 
E.simplex Shawnee 0.004   4  1.333   Gomphocerinae
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Appendix D (cont.) 
M.femurrubrum Kanlow  0.04   40  13.333   Melanoplinae 
M.femurrubrum Kanlow  0.04   40  13.333   Melanoplinae 
M.femurrubrum Kanlow  0.07   70  23.333   Melanoplinae 
M.femurrubrum Kanlow  0.04   40  13.333   Melanoplinae 
M.femurrubrum Kanlow  0.16   160  53.333   Melanoplinae 
M.femurrubrum Kanlow  0.16   160  53.333   Melanoplinae 
M.femurrubrum Kanlow  0.09   90  30   Melanoplinae 
M.femurrubrum Kanlow  0.07   70  23.333   Melanoplinae 
M.femurrubrum Kanlow  0.08   80  26.667   Melanoplinae 
M.femurrubrum Kanlow  0.1   100  33.333   Melanoplinae 
M.femurrubrum Kanlow  0.04   40  13.333   Melanoplinae 
M.femurrubrum Kanlow  0.23   230  76.667   Melanoplinae 
M.femurrubrum Kanlow  0.04   40  13.333   Melanoplinae 
M.femurrubrum Kanlow  0.03   30  10   Melanoplinae 
M.femurrubrum Kanlow  0.16   160  53.333   Melanoplinae
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Appendix D (cont.) 
M.femurrubrum Kanlow  0.16   160  53.333   Melanoplinae 
M.femurrubrum Kanlow  0.09   90  30   Melanoplinae 
M.femurrubrum Kanlow  0.07   70  23.333   Melanoplinae 
M.femurrubrum Kanlow  0.08   80  26.667   Melanoplinae 
M.femurrubrum Kanlow  0.1   100  33.333   Melanoplinae 
M.femurrubrum Kanlow  0.04   40  13.333   Melanoplinae 
M.femurrubrum Kanlow  0.23   230  76.667   Melanoplinae 
M.femurrubrum Kanlow  0.04   40  13.333   Melanoplinae 
M.femurrubrum Kanlow  0.03   30  10   Melanoplinae 
M.differentialis Kanlow  0.16   160  53.333   Melanoplinae 
M.differentialis Kanlow  0.27   270  90   Melanoplinae 
M.differentialis Kanlow  0.34   340  113.333   Melanoplinae 
M.differentialis Kanlow  0.74   740  246.667   Melanoplinae 
M.differentialis Kanlow  0.22   220  73.333   Melanoplinae 
M.differentialis Kanlow  0.63   630  210   Melanoplinae
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Appendix D (cont.) 
M.differentialis Kanlow  0.57   570  190   Melanoplinae 
A.xanthoptera Kanlow  0.06   60  20   Oedipodinae 
A.xanthoptera Kanlow  0.24   240  80   Oedipodinae 
A.xanthoptera Kanlow  0.08   80  26.667   Oedipodinae 
A.xanthoptera Kanlow  0   0  0   Oedipodinae 
A.xanthoptera Kanlow  0.11   110  36.667   Oedipodinae 
A.xanthoptera Kanlow  0.01   10  3.333   Oedipodinae 
P.delicatula Kanlow  0.1   100  33.333   Gomphocerinae 
P.delicatula Kanlow  0.12   120  40   Gomphocerinae 
P.delicatula Kanlow  0.05   50  16.667   Gomphocerinae 
P.delicatula Kanlow  0.4   400  133.333   Gomphocerinae 
P.delicatula Kanlow  0.02   20  6.667   Gomphocerinae 
P.delicatula Kanlow  0.04   40  13.333   Gomphocerinae 
P.delicatula Kanlow  0.08   80  26.667   Gomphocerinae 
P.delicatula Kanlow  0.12   120  40   Gomphocerinae
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Appendix D (cont.) 
P.delicatula Kanlow  0.08   80  26.667   Gomphocerinae 
P.delicatula Kanlow  0.05   50  16.667   Gomphocerinae 
E.simplex Kanlow  0.09   90  30   Gomphocerinae 
E.simplex Kanlow  0.06   60  20   Gomphocerinae 
E.simplex Kanlow  0.06   60  20   Gomphocerinae 
E.simplex Kanlow  0.06   60  20   Gomphocerinae 
E.simplex Kanlow  0.04   40  13.333   Gomphocerinae 
E.simplex Kanlow  0.05   50  16.667   Gomphocerinae 
E.simplex Kanlow  0.09   90  30   Gomphocerinae 
E.simplex Kanlow  0.07   70  23.333   Gomphocerinae 
E.simplex Kanlow  0.03   30  10   Gomphocerinae 
E.simplex Kanlow  0.07   70  23.333   Gomphocerinae 
M.femurrubrum big bluestem 0.082   82  27.333   Melanoplinae 
M.femurrubrum big bluestem 0.072   72  24   Melanoplinae 
M.femurrubrum big bluestem 0.092   92  30.667   Melanoplinae
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Appendix D (cont.) 
M.femurrubrum big bluestem 0.032   32  10.667   Melanoplinae 
M.femurrubrum big bluestem 0.012   12  4   Melanoplinae 
M.femurrubrum big bluestem 0.048   48  16   Melanoplinae 
M.femurrubrum big bluestem 0.072   72  24   Melanoplinae 
M.femurrubrum big bluestem 0.038   38  12.667   Melanoplinae 
M.femurrubrum big bluestem 0.062   62  20.667   Melanoplinae 
M.femurrubrum big bluestem 0.008   8  2.667   Melanoplinae 
M.femurrubrum big bluestem 0.002   2  0.667   Melanoplinae 
M.femurrubrum big bluestem 0.022   22  7.333   Melanoplinae 
M.femurrubrum big bluestem 0.027   27  9   Melanoplinae 
M.femurrubrum big bluestem 0.048   48  16   Melanoplinae 
M.femurrubrum big bluestem 0.012   12  4   Melanoplinae 
M.femurrubrum big bluestem 0.048   48  16   Melanoplinae 
M.femurrubrum big bluestem 0.072   72  24   Melanoplinae 
M.femurrubrum big bluestem 0.038   38  12.667   Melanoplinae
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Appendix D (cont.) 
M.femurrubrum big bluestem 0.062   62  20.667   Melanoplinae 
M.femurrubrum big bluestem 0.008   8  2.667   Melanoplinae 
M.femurrubrum big bluestem 0.002   2  0.667   Melanoplinae 
M.femurrubrum big bluestem 0.022   22  7.333   Melanoplinae 
M.femurrubrum big bluestem 0.027   27  9   Melanoplinae 
M.femurrubrum big bluestem 0.048   48  16   Melanoplinae 
M.differentialis big bluestem 0.152   152  50.667   Melanoplinae 
M.differentialis big bluestem 0.092   92  30.667   Melanoplinae 
M.differentialis big bluestem 0.132   132  44   Melanoplinae 
M.differentialis big bluestem 0.062   62  20.667   Melanoplinae 
M.differentialis big bluestem 0.082   82  27.333   Melanoplinae 
M.differentialis big bluestem 0.122   122  40.667   Melanoplinae 
M.differentialis big bluestem 0.102   102  34   Melanoplinae 
A.xanthoptera big bluestem 0.012   12  4   Oedipodinae 
A.xanthoptera big bluestem 0.072   72  24   Oedipodinae
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Appendix D (cont.) 
A.xanthoptera big bluestem 0.068   68  22.667   Oedipodinae 
A.xanthoptera big bluestem 0.008   8  2.667   Oedipodinae 
A.xanthoptera big bluestem 0.062   62  20.667   Oedipodinae 
A.xanthoptera big bluestem 0.052   52  17.333   Oedipodinae 
P.delicatula big bluestem 0.132   132  44   Gomphocerinae 
P.delicatula big bluestem 0.052   52  17.333   Gomphocerinae 
P.delicatula big bluestem 0.092   92  30.667   Gomphocerinae 
P.delicatula big bluestem 0.028   28  9.333   Gomphocerinae 
P.delicatula big bluestem 0.097   97  32.333   Gomphocerinae                                                                                                                              
P.delicatula big bluestem 0.012   12  4   Gomphocerinae 
P.delicatula big bluestem 0.092   92  30.667   Gomphocerinae 
P.delicatula big bluestem 0.092   92  30.667   Gomphocerinae 
P.delicatula big bluestem 0.022   22  7.333   Gomphocerinae 
P.delicatula big bluestem 0.052   52  17.333   Gomphocerinae 
E.simplex big bluestem 0.542   542  180.667   Gomphocerinae
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E.simplex big bluestem 0.162   162  54   Gomphocerinae 
E.simplex big bluestem 0.008   8  2.667   Gomphocerinae 
E.simplex big bluestem 0.172   172  57.333   Gomphocerinae 
E.simplex big bluestem 0.232   232  77.333   Gomphocerinae 
E.simplex big bluestem 0.422   422  140.667   Gomphocerinae 
E.simplex big bluestem 0.052   52  17.333   Gomphocerinae 
E.simplex big bluestem 0.202   202  67.333   Gomphocerinae 
E.simplex big bluestem 0.152   152  50.667   Gomphocerinae 
E.simplex big bluestem 0.202   202  67.333   Gomphocerinae
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Appendix E 
 
Plant species and plant water content affect clipping rates by grasshopper species. 
 
Appendix E.1. Mean amount of clipping (mg/day/grasshopper) ± SE by grasshopper species, A. deorum, A. simplex and, S. collare on 
little bluestem and buffalograss.  
 
Grasshopper Little bluestem Buffalograss  
Ageneotettix deorum   6.978 ± 3.483a 0.511 ± 3.483a 
Arphia simplex   5.800 ± 3.483a 9.422 ± 3.483a 
Spharagemon collare 14.989 ± 3.483a 6.022 ± 3.483a 
Means (± SE) in the same column bearing different letters are significantly different (α = 0.05). 
 
 
 
Appendix E.2.  Mean amount of clippings (mg/day/grasshopper) ± SE generated by grasshopper species (A. deorum and S. collare) at 
moisture levels (high, medium and Low) of little bluestem and buffalograss.  
 Little Bluestem Buffalograss 
 High Medium Low High Medium Low 
Ageneotettix deorum 2.54 ± 2.448a 1.067 ± 2.448a 0.233 ± 2.448a   7.887 ± 2.448a 23.853 ± 2.448b 10.520 ± 2.448a 
Spharagemon collare 0.10 ± 2.448a 2.133 ± 2.448a 0.066 ± 2.448a 19.193 ± 2.448a   8.313 ± 2.448b 10.467 ± 2.448b 
Means (± SE) in the same column bearing different letters are significantly different (α = 0.05).
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Appendix E.3.  Mean amount of consumption (mg/day/grasshopper) ± SE by each grasshopper species on switchgrass cultivars 
(Shawnee and Kanlow) and big bluestem.  
 Big Bluestem Kanlow Shawnee 
Arphia xanthoptera 15.22 ± 12.06a 27.78 ± 12.06a 52.72 ± 12.06a 
Eritettix simplex 71.53 ± 9.34b 20.67 ±  9.34a 12.73 ± 9.34b 
Melanoplus differentialis 35.43 ± 11.16a 139.52 ± 11.16b 234.05 ± 11.16c 
Melanoplus femurrubrum 13.28 ± 6.03a 30.42 ± 6.03a 57.74 ± 6.03a 
Psoloessa delicatula 22.37 ± 9.34a 35.33 ± 9.34a 18.43 ± 9.34b 
Means (± SE) in the same column bearing different letters are significantly different (α = 0.05) 
 
 
 
 
 
 
 
 
